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PREFACE. 



The constant progress made in every department of 
physical science, is a sufficient apology for the prepara- 
tion and publication of a new elementary text-book on 
Natural Philosophy. 

The principles of physical science are so intimately 
connected with the arts and occupations of eveiy-day 
life, with our very existence and continuance as sentient 
beings, that public opinion, at the present time, impera- 
tively demands that the course of instruction on this 
subject should be as full, thorough, and complete as 
opportunity and time will permit. With this view, the 
author has endeavored to render the work, in all its 
arrangements and details, eminently practical, and, at 
the same time, interesting to the student. The illustra- 
tions and examples have been multiplied to a greater 
extent than is usual in works of like character, and have 
been derived, in most cases, from familiar and common 
objects. 

Great care has been also taken to render the work com- 
plete and accurate, and in full accordance with the latest 
results of scientific discovery and research. 

In the arrangement of the subjects treated of, and in 
the incorporation of questions with the text, the most ap- 
proved methods, it is believed, have been followed. The 
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teacher will also observe that*the principles and import- 
ant propositions are presented in large and prominent 
type, and the observations and illustrations in smaller 
letters. The advantage of this to the learner is most 
evident. 

Heat, which is often considered as belonging more 
especially to chemistry, has been discussed at length, and 
the familiar application of its principles in the industrial 
arts, in warming and ventilation, in the production of' 
dew, etc., carefully explained. A full and complete 
outline of the subject of Meteorology has also been 
given. On the other hand. Astronomy, which is often 
included in text-books on Natural Philosophy, has been 
omitted, as rightfully and properly forming the subject 
of a separate treatise. 

. An elementary work on physical science can have little 
claim to originality, except in the arrangement and classi* 
fication of subjects, and the selection of illustrations. In 
this respect the author makes no pretensions, and ac- 
knowledges his indebtedness to the very superior French 
treatises of Ganot, Delaunay, Archambault, and to the 
writings of Miiller, Amott, Lardner, Brewster, and others. 

The engravings in the present volunle are of a superior 
character, and have been prepared, in part, from new and 
original designs. 

New Tobz, Aug:ast, 185t. 
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NATURAL PHILOSOPHY. 



INTRODUCTION. 

What is Nat- 1- Natural PHILOSOPHY, OF Physics, IS that 
S^y?^*^^^ department of science which treats of all those 
phenomena observed in masses of matter, in 
which there is a sensible change of place. 

2. Chemistry, on the contrary, treats of all 
^mis^? those phenomena observed to take place in 

minute particles, or portions of matter, in which 
there is a change in the character and composition of the 
matter itself, and not merely a change of place. 

3. A falling body, the motion of our limbs 
]!^pies*o^f the ^^ ^^ machinery, the flow of liquids, the occur- 
&atIlrai^°PM^ rence of sound, the changes occasioned by the 
losophy? action of heat, light, and electricity, are all ex- 
amples of phenomena which come under the 

consideration of Natural Philosophy. 

Strictly speaking, we have no right, in Natural Philosophy, to conceive or 
im^ne any thing, for the truths of all its laws and principles may be proved 
by direct observation, — that is, by the use of our sense* When we conceive, 
reason, or imagine concerning the properties of matter, we have in reality 
passed beyond tho limits of Natural Philosophy, and entered upon the applica- 
tion of the laws of mind or of mathematics to the principles of Natural Philos- 
ophy. Practically, however, no such division of the subject is ever made. 

The truths and operations of Chemistry, in contradistinction to the truths 
and operations of Natural Philosophy, can not all be proved and made evident 
by direct observation. Thus, when we unite two pieces of machinery, as two 
wheels, or when we lift a weight with our hands, or move a heavy body by a 
lever, we are enabled to see exactly how the different substances come in 

1* 



10 INTRODUCTION. 

contact, how they press upon one another, and how the power is transmitted 
from one point to another : these are experunents in Natural Philosophy, in 
which every part of the operation is clear to our senses. But when we mix 
alcohol and water together, or bum a piece of coal in a fire, we see merely 
the result of these processes, and our senses give us no du-ect information of 
the manner in which one particle of alcohol acts upon another particle of 
water, or how the oxygen of the air acts upon the coal. These are experi- 
ments in Chemistry, in which we can not perceive every part of the operation 
by means of our senses, but only the results. Had there been but one kind 
of substance or matter in the universe, the laws of Natural Philosophy would 
have explained all the phenomena or changes which could possibly take 
place ; and as the character, or composition of this one substance, could not be 
changed by the action of any diflferent substance upon it, there could be no 
such department of knowledge as Chemistry. 

4. The term Physics is often used instead 
™e °SJS of ^^^ term Natural Philosophy, both having 
Physics? ^i^Q game general meaning and signification. 

It is also customary to speak of " Physical 
Laws/' " Physical Phenomena," and '' Physical Theories," 
instead of saying the laws, phenomena, and theories of 
Natural Philosophy. 

5. A Physical Law is the constant relation 
Physical Laws wWch cxists bctwecu auy phenomenon and its 

and Theories? . ^ m ^ • 'i • 

cause. A Physical Titeory is an exposition 
of all the laws which relate to a particular class of 
phenomena. 

Thus, when we speak of the " theory" of heat, or of electridty, we have 
reference to a general consideration of the whole subject of heat, or light, or 
electricity ; but when we use the expression a " Jaw" of heat, of light, or of 
electricity, we have reference to a particular department of the whole subjects 



CHAPTER I. 

MATTER, AND ITS GENERAL PROPERTIES. 

1. Matter is the general name which has 
whaUs^Mat- y^^^^ given to that substance which, under an 
infinite variety of forms, affects our senses. 
We apply the term matter to every thing that occupies 
space, or that has length, breadth, and thickness. 
How do wt ^" ^^ ^^ ^"^y tt^ough the agency of our five 
Sgl^tiT senses (hearing, seeing, smelling, tasting, and 
feeling), that we are enabled to know that any 
matter exists. A person deprived of all sensation, could 
not be conscious that he had any material existence. 
What is B 3. A BODY is any distinct portion of matter 

body? existing in space. 
What are the ^' ^'^® properties, or the qualities of matter, 
matteJ?^" **' ^^® ^^® powers belonging to it, which are capa- 
ble of exciting in our mind certain sensations. 

It is only through the dififerent sensations which different substances ex- 
cite in 9ur minds, or, in other words, it is by means of their different 
properties, that we are enabled to distinguish one form or variety of matter 
from another. 

The forms and combinations of matter seen in the animal, vegetable, and 
mineral kingdoms of nature, are numberless, yet they are all composed of 
a very few simple substances or elements. 

whatisasim- ^' ^V ^ Simple substancc we mean one 
piesabstance? ^hich has ucvcr becu derived from, or sepa- 
rated into any other kind of matter. 

Gold, silver, iron, oxygen, and hydrogen, are examples of simple sub- 
stances or elements, because we are unable to decompose them, convert 
them into, or create them from, other bodies. 

What is the ^- ^^^ number of the elements or simple 
eiemOTtsf *^® substanccs with which we are at present ac- 
quainted, is sixty-two. 
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7. These substances are not all equally 
How ^^strib- distributed over the surface of the earth : 

most of them are exceedingly rare, and only 
known to chemists. Some ten or twelve only make up 
the great bulk or mass of all the objects we see around 
us. 

All the different forms and varieties of matter are in some re^)ects alike 
— ^that is, they all possess certain general properties. Some of these prop- 
erties are essential to the very existence of a body; others are non- 
essential, or a body may exist without them. Thus it is essential to the 
existence of a body that it should occupy a certain amount of space, and 
that no other body should occupy the same space at the same time ; but it is 
not necessary for its existence that it should possess color, hardness, elas- 
ticity, malleability, and the like non-essential properties. 

8. The following are the most important of 
S^' import! the general properties of matter — Magnitude 
SfnStUOT?"* or Extension, Impenetrability, Divisibil- 
ity, Porosity, Inertia, Attraction, and In- 
destructibility. 

9. By Magnitude we mean the property 
^'^tad^*^ of occupying space. We can not conceive that 

a portion of matter should exist so minute as 
to have no magnitude, or, in other words, to occupy no 
space. 

The SURFACES of a body are the external limits of its magnitude; the 
SIZE of a body is the quantity of space it occupies ; the area of a body 
is its quantity, or extent of surface. 

The FIGURE of a body is its form or shape, as expressed by its bound- 
aries or terminating extremities. The volume of a body is the quantity of 
space included within its external surfaces. The figure and volume of a 
body are entirely independent of each other. Bodies having very different 
figures may have the same volume, or bodies of the same figure may have 
very diiferent volumes. Thus a globe may have ten times the volume 
of another globe and yet have the same figure, or a globe and a cylinder 
may have the same volume, that ia, may contain the same amount of matter 
within their surfaces, but possess very different figures. 

10. By Impenetrability we mean that 
^itoabiiuyf property or quality of matter, which renders it 

impossible for two separate bodies to occupy 
the same space at the same time. 
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There are many instances of apparent penetration of matter, but in all of 
them the particles of the body which seem to bo penetrated are merely 
displaced. When a nail is driven into a piece of wood, the particles of 
wood are not penetrated, bat merely displaced. If a needle be plunged into 
a vessel of water, all the water which previously fiUed the space into which 
it entered, will be displaced, and the level of the water in the vessel will rise 
to the same height as it would have done, had we added a quantity of water 
equal in volume to the bulk of the needle. When we walk through the at- 
mosphere, we do not penetrate into any of the particles of which the air is 
composed, but we merely push them aside, or displace them. If we plunge 
an inverted tumbler into a vessel of water, the air contained in it will pre- 
vent the water from rising in the glass — and notwithstanding the amount of 
pressure we may exert upon the tumbler, it cannot be filled with water until 
the air is removed from it. 

11. By Divisibility we mean that property 
^'^biiity?*' which matter possesses of being divided, or 

separated into parts. 
It has until quite recently been taught that matter was infinitely divisible; 
that is, a body could be separated into smaller and still smaller particles 
without limit. So far as our senses inform us, this is true. So long as we 
can perceive the existence of a portion of matter by our sense of sight, of 
feeling, of taste, or of smell, so long we can continue to divide it Beyond 
this our senses give us no information. But the recent discoveries and inves- 
tigations in chemistry, have proved beyond a doubt, that all bodies are ulti- 
mately composed of exceedingly minute particles, which can not be subd^ 
vided. 

12. To such an ultimate portion of matter 
^^tom? *** ^® ^^ ^^ longer separable into parts, we apply 

the term Atom. 

The extent to which matter can be divided and yet perceived 
^hi*h* ^ tter ^^ *^® senses is most wonderful. 

can be divid- A grain of musk has been kept finely exposed to the air of 
®^ a room, of which the door and windows were constantly kept 

open, for a period of two years, during all which time the air, 
though constantly changed, was densely impregnated with the odor of musk, 
and yet at the end of that time the particle was found not to have greatly 
diminished in weight. During all this period, every particle of the atmos- 
phere which produced the sense of odor must have contained a certain quan- 
tity of musk. 

In the manufecture of silver-gilt wire, used for embroidery, the amount of 
gold employed to cover a foot of wire does not exceed the 720,000th part of 
an ounce. The manufacturers know this to be a fact, and regulate the price 
of their wire accordingly. But if the gold which covers one foot is the 
120,000th part of an ounce, the gold on an inch of the same wire will be only 
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the 8,640,000th part of an ounce. We may divide this inch into one hundred 
pieces, and yet see each piece distinctly without the aid of a microscopo : in 
other words, we see the 864,000,000th part of an ounce. If we now use a 
microscope, magnifying five hundred times, we may clearly distinguish the 
432,000,000,000th part pf an ounce of gold, each of which parts will be found 
to haye all the characters and qualities which are found in the largest masses 
of gold. 

Some years since, a distinguished English chemist made a series of experi- 
ments to determine how small a quantity of matter could be rendered visible 
to the eye, and by selecting a peculiar chemical compound, small portions of 
wliich were easily discernible, he came to the conclusion that he could dis- 
tinctly see the billionth part of a grain. 

In order to form some conception of the extent of this subdivision of mat- 
tar, let us consider what a billion i& We may say a billion is a million of 
millions, and represent it thus, 1,000,000,000,000 ; but the mind is incapable 
of conceiving any such number. If a person were to count at the rate of 200 
in a minute, and work without intermission twelve hours in a day, he would 
take, to count a billion, 6,944,944 days, or more than 19,000 years. But this 
may be nothing to the division of matter. Tlier3 are living creatures so mi- 
nute, that a hundred millions of them may be comprehended in the space of 
a cubic inch. But these creatures, until they are lost to the sense of sight, 
aided by tho most powerful instruments, are seen to possess arrangements 
fitted for collecting their food, and even capturing their prey. They are there- 
fore supplied with organs, and these organs must consist of parts correspond- 
ing to those in larger animals, which in turn must consist of atoms, or little 
particles, if we please so to term them. In reckoning the size of such atoms^ 
we must not speak of billions, but of billions of billions. Such a number can 
be represented thus, 1,000,000,000,000,000,000,000,000, but the mind can 
form no rational conception of it.* 

13. We use the term Molecules, or Par- 
S!*o7part1' TiCLES of matter to designate very small quan- 
cies of Matter? ^j^j^g ^^ ^ substatice, Dot meaning, however, the 
ultimate atoms. A molecule, or particle of matter may 
be supposed to be formed of several atoms united to- 
gether. 

14. No two atoms of matter are supposed to 
whatarePores? ^^^^^^ ^j. ]^q ^^ actual coutact with cach other, 

and the openings or spaces which exist between them are 

called Pores. This property of bodies, according to which 

their atoms are thus separated by vacant places^ 

What^is^Poros- ^^ ^^jj poRQSITY. 

* The billion is here used according to the English notation. — Vim WebaUr, 
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What is the 
evidence of 
the existence 
of Pores in 
all matter ? 



FiGh 1. If we suppose the atoms of matter to consist of 

minute spheres or globes, it is obvious that it will be 
impossible for them to come iuto perlect coutact at 
all points: so that there must be small spaces be- 
tween them, where they do not touch each other. 
Fig. 1 represents the manner in which we may un- 
agine a collection of such atoms to be arranged to 
form a crystal. 

15. The reasons for believing that the 
atoms or particles of matter do not ac- 
tually touch each other, are, that every 
form of matter, so far as we are ac- 
quainted with it, can by pressure be 
made to occupy a smaller space than it origin- 
ally filled. Therefore, as no two particles of 
matter can occupy the same space at the same 
time, the space, by which the size or volume of 
a body may be diminished by pressure, must, before such 
diminution took place, have been filled with openings, or 
pores. Again, all bodies expand or contract under the 
influence of heat and cold. Now, if the atoms were in ab- 
solute contact with each other, no such movements could 
take place. 

The porosity of bodies is sometimes illustrated and explained 
by reference to a sponge, which allows the cavities which per- 
vade it to be filled with water, or some other fluid. Such an 
illustration is not strictly correct The cavities of a sponge are 
not really its pores, any more than the cells of a honey-comb 
are the pores of wax. In common speech, however, the term pore is often 
used to designate those openings which exist naturally in the substance of a 
body, which are sufficiently large to admit of the passage of fluids like water, 
and gases like air. 

Several very important properties of matter are dependent on porosity ; or, 
in other words, they owe their existence to the fact, that the particles of mat- 
ter do not actually touch each other. The principal of these are Density, 
Compressibility, and Expansibility. These properties of matter belong to 
all bodies, but not to all alike. 

16. By Density we mean the proportion 
which exists between the quantity of matter 
contained in a body and its magnitude, or size. 
Thus, if of two substances, one contains twice as much 



What is gen- 
erally meant 
by the term 
Pores? 



What is Dens- 
ity? 
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matter in a given space as the other, it is said to be twice 
as dense. 

There is a direct connection between the density of a body and its porosity. 
A body will be more or less dense, according as its particles are arranged 
closely together, or are separated from each other ; and hence it is clear, that 
the greater the density the less the porosity, and the greater the porosity the 
less the density. 

11. If the particles of a body do not touch each other, then, if it is subjected 
to pressure, they may be forced nearer, and made to occupy less space. 

This we find to be the fact All matter may be compressed. The most 
solid stone, when loaded with a considerable weight, is found to be com- 
pressed. The foundations of buildings, and the columns which sustain great 
weights in architecture, are proofe of this. Metals, by pressure and hammer- 
ing, are made more compact and dense. Air, and all gases, are susceptible of 
great compression. Water, and all liquids, are much less easily compressed 
than either solid or gaseous bodies. 

18. By Compressibility, therefore, we mean 
^r^Miwuty?" that property of matter in virtue of which a 

body allows its volume or size to be diminished, 
vdthout diminishing the number of the atoms or particles 
of which it is composed. 

19. Again, if the particles of matter of which 
^SbmiyT ^ ^odj is composed do not touch each other, it is 

clear that they may be forced further apart. 
This we find to be the case with all matter. Expansibility 
is, therefore, that property of matter in virtue of which a 
body allows its volume or size to be increased, without in- 
creasing the number of the atoms or particles of which it 
is composed. 

AJl bodies, when submitted to the action. of Heat, expand, and 
liiustratiotis occupy a larger space than before. To this increase in dimen- 
bility^^*"**' sions there is no limit. "Water, when sufficiently heated, passes 
into steam, and the hotter the steam the greater the space it 
will occupy. All bodies, if subjected to a sufficient degree of heat, will pass 
from the^tate of solids or liquids, into the state of vapor, or gases. 

20. Inertia signifies the total absence in a 
^^CTtia?^"*' hody of all power to change its state. If a 

body is at rest, it can not of itself commence 
moving ; and if a body be in motion, it can not of it- 
self stop, or come to rest. The motion, or cessation of 
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motion in a body, requires a power to exist independent 
of itself. 

It is obvious, from the definition given, that when a body is once put in 
motion, its inertia will cause it to continue to move until its movement is de- 
stroyed, or stopped, by some other force. 

A ball fired from a cannon would move on forever, were it not for the re- 
sistance or friction of the air, and the attraction of the earth. 

21. By Friction, we mean the resistance 
^^onf^*^ which a moving body meets with from the 

surface on which it moves. 

A marble rolled upon a carpet will move but a short distance, on account 
of the roughness and unevenness of the surface. Its motion would be con- 
tinued much longer on a flat pavement and longer still on fine, smooth ice. 
If fiictiou, the attraction of the earth, and the resistance of the air, were en- 
tirely removed, the marble would move on forever. 

Owing to the property of inertia, or the indi£ference of mat- 
What are Ex- ter to change its state, we find it difficult, in running, to stop 
eJ^y ** ' all at once. The body tends to go on, even after we have ex- 
erted the force of our muscles to stop. We take advantage of 
this property, by running a short distance when we wish to leap over a ditch 
or chasm, in order that the tendency to move on, which we acquire by run- 
ning, may help us in the jump. For the same reason, a running-leap is al- 
ways longer than a standing one. 

Many of the most fiightful railroad accidents which have happened, are due 
to the laws of inertia. The locomotive, moving rapidly, is suddenly checked 
by an obstruction, collision, or breakage of machinery ; but the train of cars, 
in virtue of the velocity previously acquired, continue to move, and in conse- 
quence are driven into, or piled upon each other. 

For the same reasons the wheel of an engine continues to pursue its course 
for a time after the driving force has stopped. This property is taken advan- 
tage of to regulate the motions of machinery. A large, heavy wheel is used 
in connection with the machinery, called a fly-wheel. This heavy wheel, 
when once set in motion, revolves with great force, and its inertia causes it 
to move afi»r the force which has been imparted to it has ceased to act. A 
water-wheel or a steam-engine rarely moves perfectiy uniformly, but as it is 
not easy, on the instant, either to check or increase the movement of the 
heavy wheel, its motion is steady, and causes the machinery to which it is 
attaclied to work smoothly and without jerking, even if the action of the driv- 
ing foroe be less at one moment than at another. 

22. Attraction is that tendency which all 
.Motion f^*" the particles of matter in the universe have to 

approach to each other.* 

* Aa Attraction, in its various forms and relations to matter, is so comprehenslTe and 
Important, it is treated separately in advance. 
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The force which hdda the partidefl of a stone, a piece of 
What are Ex- wood, or metal together, the falling of a body to the earth, the 
SactiMi ? tendency which a piece of iron or steel has to adhere to a mag- 

net, are all familiar examples of the dififerent forms of attraction, 

23. All the researches and investigations of 
degteS^bi^?" niodern science teach us, that it is impossi- 
ble for any finite agent to either create or de- 
stroy a single particle of matter. The power to create 
and destroy matter belongs to the Deity alone. The 
quantity of matter which exists, in and upon the earth has 
never been diminished by the annihilation of a single 
atom. 

When a body is consumed by fire, there is no destraction of matter : it 
has only changed its form and position. When an animal or yegetable dies 
and decays, the original form vanishes, but the particles of matter, of which it 
was once composed, ha^e merely passed off to form new bodies and enter into 
new combinations. 



PRACTICAL QUESTIONS ON THE PROPERTIES OP MATTER. 

1. Why will water, or any other liqnid, when poured into a tunnel closely inserted into 
the mouth of a bottle, run over the sides of the bottle ? 

Because the bottle is filled with air, which, haying no means of escape, 
prevents the water fi-om entering, since no two bodies can occupy the same 
space at the same time. I^ however, the tunnel be lifted from the bottie a 
little, so as to afford the air an opportunity to esfcape, the water will then 
flow mto the bottie in an uninterrupted stream. 

2. Are the pores of a body entirely empty, vacant spaces? 

The pores of a body are often filled with another substance of a different 
nature. Thus, if the pores of a body be greater than the atoms of air, such a 
body being surrounded by the atmosphere, the air wiH enter and fill its pores. 

3. When a sponge is placed in water, that liquid appears to penetrate it Does the water 
really enter the soled particles of the sponge ¥ 

It does not; it only enters the pores^ or vacant spaces between the par- 
ticles. 

4. When we plunge the hand into a mass of sand, do we peniexb^tb the sand ? 
We do not ; we only displace the particles. 

5. Why do bubbles biss to the surfSace when a piece of sugar, wood, or chalk is plunged 
under water ? 

Because the air previously existing in the pores becomes displaced by the 
water, and rises to the sur&ce as bubbles. 

6. What occasioni the ksaxvosiq of wood or coal w])en laid upon the fire f 
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Because the air or liquid contained in the pores beoomes expanded bj heat, 

and bursts the covering in which it is confined. 

7. Why does liqiit, poboct wood, like chestnut or pine, nuke more mmppbig in \mm- 
iag than any oihkb kind ? 

Because the pores are very 2ar^ and contain more cur than wood of a doser 
grain^ like oak, etc. 

8. How is water, or any other liquid, made fcbb by fflterii% throngh papv, doth, a 
layer of sand, rock, etc. ? 

The process of filtration depend^ on the presence of pores in tiie aabstance 
used as a filter, of sach magnitude as to alk>w the particles of liquid to pass 
finely, but not the particles of the matter contained in it^ which we wish to 
separate. 

9. Why is not the snbstanoe soitable for the filtration of om liqoid equally adapted for 
the filtration of au. liquids ? 

Because the magpiitude of the pores in different substances and of the im- 
purities in hquids is different ; and no substance can be separated finom a 
liquid by filtration, except one whose paitides are larger than those of the 
liquid. 

10. Gold and lead are metals of great density; their pores are not yisible. Is there any 
TBOOF of their existence beside the fact that they can be compressed f 

Water c^ be forced mechanically through a plate of lead or gold without 
rupturing any portion of the metaL Mercury, or quicksilver, confined in a 
dish of lead or gold, will soak through the pores, and escape at the bottom. 

An interesting experiment was tried at Florence, Italy, nearly two centu- 
ries ago, which furnished a striking illustration of the porosity of so dense a 
substance as gold. A hollow ball of this metal was filled with water, and the 
aperture exactly and firmly dosed. The globe was then submitted to a very 
severe pressure, by which its figure was slightly changed. Now, it is proved 
in geometry, that a globe has this peculiar property — that any change what- 
ever in its figure necessarily diminishes its volume, or capacity. The result 
was, that the water oozed through the pores, and covered the surface of the 
globe, presenting the appearance of dew, or steam cooled by the metal This 
experiment also proved that the pores of the gold are larger than the element- 
ary particles of water, since the latter are capable of passing through them. 

11. When a oASBiAeii is in motion, drawn by hobbeb, why is the same exertion of power 
in the horses required to stop it, as would be necessary to ^ack it, if it were at rest ? 

Because, according to the laws of inertia^ the force required to destroy mo- 
tion m one direction is eguai to that required to produce as mu<^ motion in the 
opposite direction. 

12. If >a carriage, railroad-car, or boat, moving with speed, be suddenly btopped or ms- 
lASDBD, from any cause, why are the passengers, or the baggage carried, precipitated 
from their places in the dibeotion of thb motion ? 

Because, by reason of their inertia, they persevere in the motion which they 
shared in common with the body that transported them, and are not deprived 
of tiiat motion by the same cause. 
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13. Why win a pkbson, leaping from a carriage In rapid motioii, fall in the direction in 
which the carriage is moying at the mombnt his feet meet the ground ? 

Because hiQ entire body^ on quitting the vehicle and descending to the 
ground, retains^ by its inertia, the progressive motion which it haa in common 
with it. When his feet reach the ground, they, and they alone, will be sud- 
denly deprived of this progressive motion, by the resistance of the earth, but 
the remainder of his body will retain it, and he will &11 as if he were tripped. 

14. Why ia a man standing carelessly in Uie stxbn of a boat liable to £all into the water 
behind, when the boat begins to move t 

Because hlafeet are pulled forward while the inertia of his body keeps it ia 
the same position, and, therefore, behind its support For a similar reason, 
when the boat stops, the man is liable to &11 forward. 

15. Whenthesailsof a ship are first spread to reoeiTe the TOBOK or DiFUiax of the wind, 
why does not the vessel acquire her ftill speed at once ? 

Because it requires a little time for the impeUing force to overcome the m- 
ertia of the mass of the ship, or its disposition to remain at rest. 

16. Why, when the sails are taken in, does the vessel continue to move for a considerable 
time? 

Because the inertia of the mass is opposed to a change of state, and the ves- 
sel will continue to move until the resistance of the water overcomes the op- 
position. 

17. Why do we kick against the door-post to bhakb the snow or dust Arom'our SHOssf 
The forward motion of the foot is arrested by the impact against the post ; 

but this is not the case with respect to the particles of dust or snow which 
are not attached to the foot, and are free to move. According to the laws 
of inertia, they tend to persevere in the direction of the original motion, and 
when the foot stops, they move on, or fly off. 

18. Why do we bbat a coat or carpet to xzfxl the dustf 

The cause which arrests the motion imparted to the coat or carpet by the 
blow does not arrest the particles of dust, and their motion being continued, 
they fly oflt 



CHAPTER II. 

FORCE. 

23. Matter is constftntly changing its form 
^^1!^^ and place. The most solid substance will in 
*°*' time wear away. The air about us is never per- 

fectly still. We see water sometimes as ice, sometimes as 
a liquid, sometimes as a vapor, in steam or clouds. The 
earth moves sixty-eight thousand miles every hour. An 
animal or vegetable dies, decays, and its form vanishes 
from our sight. 

_ . ^ 24. As the cause of all the changes observed 

do we attribute to take olacc m the material world, we admit 

the changes ob- , ■*■ , ' , 

served in mat- the existenco of ccrtaiu forces, or agents, which 

govern and control all matter. 
whatia 25. Force is whatever produces, or opposes 

Force? motiou in matter. 

What is Mo- 26. Mobility, or the susceptibility of mo- 
biiityy tion, is that property whereby a body admits 
of change of place. 

What arc the ^'^' ^^ *^® great forccs, or agents in nature, 
SSieT****" those which produce, or are the cause of all the 
changes which take place in matter, may be 
enumerated as follows : Internal, or Molecular Forces, 
the Attraction of Gravitation, Heat, Light, the At- 
tractive and Eepulsive Forces of Magnetism and Elec- 
tricity, and, finally, a force or power which only exists 
in living animals and plants, which is called, Vital Force, 

Concerning the real nature of these forces, we are entirely 
k'^* ^f St^ ignorant. We suppose, or say, they exist, because we see 
nature of their effects upon matter. In the present state of science, it is 

these forces? impossible to know whether they are merely properties of 
matter, or whether they are forms of matter itself) existing in an 
exceedingly minute, subtile condition, without weight, and diffused through- 
out the whole universe. The general opinion, however, among scientific mezi, 
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at the present day, is, that these forces, or agents^ are not matter, bat prop« 
erties, or qualities, of matter. 

We see a stone fall to the ground, and saj that the cause of it is the at- 
traction of gravitation; — we observe an object at a distance, and say that we 
see it through the action of light on the eye ; — we notice a tree shattered by 
lightning, and say it is the effect of electricity ; — we observe an animal or 
plant to grow and flourish, and ascribe this to tiie action of the vital force. 
But if it is asked, What is the original cause of gravitation, light) electricity, 
and vital force? — ^the wisest man can give no satisfiictoxy answer. If the 
Creator governs matter through the agency of instruments, these forces may 
be called his agents, or his instruments. 



CHAPTER III. 

INTERNAL, OR MOLECULAR FORCES. 
What is an 28. An INTERNAL, 01 MOLECULAR FORCB, is 

M^IiSllr** one that acts upon the particles of matter only 
Force? ^t inscnsible distances. This variety of force 

differs from aU others in this respect. 
What is At- 29. The various changes which matter un- 
B^**^on?* dergoes, render it certain that the atoms, or 
particles of all bodies are acted upon by two 
distinct and opposite forces, one of which tends to draw 
the atoms, or particles, close together, while the other 
tends to separate them from one another. The first of 
these forces we call Attraction, the second Eepulsion, 
both acting at insensible distances. 

Give an er- "^ blade of steel, or a thm piece of wood, when bent within 
amplia of AU a certain limit, will, when i|f«ux«straint is removed, restore it- 
ac^g \t an **®^ ^ ^^ original form. This takes place through the agency 
insensible dia- of an internal force, attracting the particles together, and tend- 



ing to keep them in their original place. 
whatisEiaa- 30. ELASTICITY is that property of matter 

^^^^ which disposes it to resume its original form 
and d»pe, after having been bent or coi^pressed by some 
external force. 

Elasticity, therefore, is not so much a distinct property of matter, as is 
usually stated, as it is a phenomenon of attractive and repulsive forces. 
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Do all bodies -^ bodies possess the property of elasticity, but in very 
possess eias- diflferent degrees. There are some in which the atoms, after 
^^ bending, or displacement, almost perfectly resume their former 

position. Such bodies are especially termed elastic, as tempered steel, India- 
rubber, ivory, etc. Other bodies, like iron, lead, etc., are elastic in a limited 
degree, not being able to bear any great displacement of their atoms without 
breaking, or permanent disarrangement. Putty, moist day, and similar bodies, 
possess a very slight degree of elasticity. 

31. If we compress a certain quantity of gas, as common 
M^^e "of re- ^^» ^^^ *^^ ^^^ ^* ^ dilate, by removing all restraint, it 
pulsion acting will expand without limit, and fill every really empty space 
Ue*£fltanM. ' which is open to it. This takes place through the agency of 
an internal force which tends to drive the particles from one 
another. There are many reasons which lead us to suppose that the repuls- 
ive force which tends to keep the particles of matter asunder is the agent 
known as heat. Gases may be considered as pcJrfectly elastic. 

~ ^ , ^ 32. According as the attractive or repulsive 

In vbat three ^ i i- .« /» 

forms or con- forccs prcvail, all bodies will assume one of 

ditions does . •\, ' , 

all matter ex- three lorms or conditions — the solid, the 

1st? .1 ... 

LIQUID, or the aebifoem,'' or gaseous con- 
dition. 
What is a 33. A SOLID body is one in which the par- 

^^^^^ tides of matter are attracted so strongly to- 

gether, that the body maintains its form, or figure, under 
all ordinary circumstances. 
What is a 34. A LIQUID body is one in which the par- 

Liquid? tides of matter are so feebly attracted together, 

that they move upon each another with the greatest 
facility. 

Hence a liquid can never be made to assume any particular form, except 
that of the vessel in which it is inclosed. 

What is a 35. An AERIFORM, Or GASEOUS body is one 

Gaseous iu which thc particles of matter are not held 

together by any force of attraction, but have a 
tendency to separate and move off from one another. 

,,^ , ,. A traseous body is generally invisible, and, like the air sur- 

Whatarethe ?. «,,.., .» ' , -j r -x 

properties of a roundmg US, affords to the sense of touch no evidence of its 

™®*y" existence when in a state of complete repose. Gaseous bodies 

may be confined in vessels, from whence they exclude liquids, 

* Aerifonn, having the form, or resemblance, of air. 
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or other bodies^ thus demonstrating their ezistenoe, though invisible, and also 
their impenetrabilitj. 

36. Most substances can be made to assume 
drcumstances successivelv the fonu of a solid, a liquid, or a 
snme the form gas. lu solids, the attractive force is the 
Liq5id,° or' B Strongest ; the particles keep their places, and 
" the solid retains its form. But if we heat the 

solid to a sufficient degree, as, for example, a piece of iron, 
we gradually destroy the attractive force, and the repul- 
sive force increases ; the particles become movable, and we 
say the body melts, or becomes a liquid. In liquids, the 
attractive and repulsive forces are nearly balanced, but if 
we supply an additional quantity of heat, we destroy the 
attractive force altogether, and the liquid changes to a 
gas, in which the repulsive force prevails, and the particles 
tend to fly off from each other. By the withdrawal of 
heat (i. e., by the application of cold), we can diminish, or 
destroy the repulsive force, and allow the attractive force 
to again predominate. 

Thus steam, when cooled, becomes a 
^^' 2 . liquid, water; and this in turn, by the 

withdrawal of an additional amount of 
heat, becomes a solid, ice. 

The power of the repulsive force is strik- 
ingly illustrated by the conversion of water 
into steam. In a cubic inch of water con- 
I verted into steam, the particles will repel 
' each other to such an extent, that the space 
occupied by the steam will be 1700 times 
greater than that occupied by the water. 
Fig. 2 illustrates the comparative difference 
between the bulk of steam and the bulk of 
water. 

87. The term Fluid is applied to those 
bodies whose particles move easily among 
themselves. It is used to designate either liquids or 
gases. 

What are the ^^' ^^ distiuguish FOUR kinds of molecular 
moLcuu/a^ attraction, or attraction acting upon the par- 
traction? tides of bodies at insensible distances. These 
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are, Cohesion, Adhesion, Capillary Attraction, and 

AFFlJflTY. 

,^ . . ^ 39. Cohesion, or Cohesive Attraction, is 

-What is Co- . ' , ' 

hedveAttrac- that foFcc whicli bmds together atoms of the 
same kind to form one uniform mass. 

The force which holds together the atoihs of a mass of iron, wood, or stone, 
is cohesion, and the atoms are said to cohere to each other. 

What is Ad- 40. Adhesion is that form of attraction 
^^^^^^ which exists between unlike atoms, or particles 
of matter, when in contact with each other. 

Dust floating in the air sticks to the wall or ceiling, through the force of 
adhesion. When we write on a wall with a piece of chalk, or charcoal, the 
particles, worn off from the material, stick to the wall and leave a mark, 
tlirough the force of adhesion. Two pieces of wood may bo fastened together 
by means of glue, in consequence of the adhesive attraction between the par- 
ticles of the wood and the particles of glue. 

41. Capillary Attraction is that form of 

What is Ca- . ... , , •• . . i , 

piiiaryAttrac- attraction which exists between a liquid and 
the interior of a solid, which is tubular, or 
porous. 

When one end of a sponge, or a lump of sugar is brought into contact with 
water, the liquid, by capillary attraction, will rise, or soak up above its level, 
into the interior of the sponge, or sugar, until all its pores are filled.* 

What ia Af. 42. AFFINITY is that form of attraction which 
finity? unites atoms of unlike, substances into com- 
pounds possessing new and distinct properties. 

Oxygen, for example, unites with iron, and forms iron-rust, a substance 
different from either oxygen or iron. The consideration of the attraction of 
Affinity belongs wholly to Chemistry. 

Howdoefithe 43. Thc forcc, or strength of Cohesive At- 
eivrAttm^^' traction varies greatly in different substances, 
tionvary? accordiug RS the nature, form, and arrange- 
ment of the atoms of which they are composed vary. > 
44. These modifications of the force of Al- 
fcies of bodies tractiou, actinff at insensible distances between 

depend on the , /»!•«• i • • x 

variation of thc atoms 01 different substances, give rise to 

certain important properties in bodies, which 

are designated under the names of Malleability, Duc- 

* Capillary Attraction is treated of more fully under the department of Hydrostatics 
and Hydraulics. 

2 
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TiLiTT, Pliability, Flexibility, Tenacity, Habdkess, 
and Brittleness. 

These are not, as is often taught, distinct, independent properties of matter, 
like magnitude, porosity, inertia, etc., but modifications of the force of attraction. 

What is Mai- 45. MALLEABILITY ifi that property ia virtue 
itabiiity? ^£ ^jji^jj^ Q^ substance can be reduced to the 

form of thin leaves, or plates, by hammering, or by means 
of the intense pressure of rollers. 

In malleable bodies, the atoms seem to cohere iE^qually in whatever relative 
situations they happen to be, and therefore readily yield to force, and change 
their positions without fracture, almost like the atoms of a fluid. 

The property of malleability is possessed in the most emment 

^'^•* "*f **" degree by the metals ; gold, silver, iron, and copper being the 

liaUeabilityr most malleable. Gold may bo hammered to such a degree of 

thinness, as to require 360,000 leaves to equal an inch in 

thickness. 

What !• Due- 46. DucTiLiTY is that property in virtue 
**"*^' of which a substance admits of being drawn 
into wire. 

We might suppose that ductility and malleability would belong to the same 
substances, and to the same degree, but they do not Tin and lead are 
highly malleable, and are capable of bemg reduced to extremely thui leaves, 
but they are not ductile, since they can not be drawn into fine wire. Some 
substances are both ductile and malleable in the highest degree. Gold has 
been drawn into wire so fine, that an ounce of it would extend fifty miles. 
What are ^"^^ FLEXIBILITY and PLIABILITY are those 

fndnubu- properties which permit considerable motion 
**y^ of the particles of a body on each other, with- 

out breaking. 
What is Te- 48. TENACITY is that property in virtue of 

'****^^ which a body resists separation of its parts, by 
extension in the direction of its length. 
What is 49. Habdness is a property in virtue of 

Hardnassr which thc particlcs of a body resist impression, 
separation, or the action of any force which tends to change 
their form, or artangement. 

When is a 50. A body, whosc particles can be removed, 

body Soft? ^^j changed in position, by a slight degree of 
force, is said to be soft. Softness is^ therefore^ the oppo- 
site of hardness. 
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The property of Hardness is quite distinct from Density. Gold and lead 
possess great density, yet they are among the softest of metals. 

YHiat is Brit- 61. Brittleness is a property in virtue of 
fleness? ^hich bodics are easily broken into fragments. 
It is a characteristic of most hard substances. 

In a brittle body, the attractive force between the atoms exists within sueli 
narrow limits, that a very slight change of position, or increase of distance 
among them, is sufficient to overcome it, and the body breaks. 

52. The modifications of the force of cohesive attraction between the par- 
ticles of matter, which give rise to the properties of malleability, ductility, 
flexibility, pliability, hardness, and brittleness, seem to bo intimately con- 
nected with, or depend upon the particular form of the atoms of the sub- 
Btance, and the particular manner in which they are arranged. 

Every one knows that it is easier to split wood lengthwise than across the 
fibers ; hence, the force which binds the particles of the wood together is ex- 
erted in a less degree in one direction "than in the other. 
Explain how ^^ changing the form or arrangement of the atoms of a 
the force of substance, wo can in many instances apparently renew or de- 
pends on the stroy the various modifications of the attractive force. The 
arrangement following is a fiimiliar illustration of this principle : 

Steel, when heated and suddenly cooled, is rendered not 
only very hard, but very brittle ; but if heated and cooled gradually, it be- 
comes soft and flexible. We may suppose that when the atoms of steel are 
expanded — ^forced apart from each other by the action of heat, and then sud- 
denly caused to contract — forced in upon each other — ^by cooling, that no op- 
portunity is afforded them for arrangement in a natural manner. But wlien 
the steel is cooled slowly, each atom has an opportunity to take the place best 
adapted for it, without interfering with its neighbor. According to one ar- 
rangement of the atoms, the steel is brittle, or the atoms will not admit of 
any motion among themselves without breaking; but according to a different 
arrangement, the attractive force is modified, and the steel is soft and flexible. 
In a similar manner, bricks stacked up irregularly, may be made to fill 
easily, but if piled in a regular manner, they retain their stability. 

It is a very singular circumstance, that the same operation of heating and cool- 
ing suddenly, which hardens steel, should soften copper. A piece of steel which 
has been hardened in this way is not condensed — made smaller — as wo might 
have supposed it would be, but is actually expanded, or made larger. This prove s 
that the arrangement of the atoms, or particles, has been changed. Any one 
may satisfy himself of this by taking a piece of steel, fitting it exactly into a 
guage, or between two fixed points, and then hardening it. It will then bo 
found that the steel will not go into the guage, or between the fixed points. 

What is An- 53. The process of rendering metals, glass, 
neahng? ^^^^^ ^^^^ ^^^ flexible by heating and gradually 
cooling, is called Annealing, and is of great importance 
in the arts. 
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For example, the workman, in fashioning and shaping a steel instrument, 
requires it to be soft and flexible; but in using it after it has been constructed, 
as for the cutting of stone, wood, etc., it is necessary that it should be hard. 
This is accomplished by making the steel soft by annealing, and then render- 
ing it hard by heating and cooling quickly.* 

When will a 54. Whcn WG bend or compress a body so 
compresled,*^'^ that its particlcs are separated beyond a certain 
break? limited distance, the force of cohesive attrac- 

tion existing between them ceases to act, or is destroyed, 
and the body falls apart, or breaks. 

55. When the Attraction of Cohesion between 

Can we re- . i /. i • -• i 

store the at- the particlcs of a substance is once destroyed, 

traction of CO- , ,^ n . -i -, • tt 

hesion when it IS generally impossible to restore it. Hav- 
mg once reduced a mass oi wood or stone to 
powder, we can not make the minute particles cohere 
again by pushing them into their former position. 

In some instances, however, this can be accompUshed by resorting to va- 
rious expedients. The particles of the metals may be made to again cohere 
by melting. Two pieces of perfectly smooth plate-glass, or marble, laid upon 
each other, unite together with such force, that it is impossible to separate 
them without breakage. In the manufacture of looking-glass plates, this at- 
traction between two smooth surfaces is particularly guarded against. 

• There are many practical illustrations in the arts, of the principle, that the modifica- 
tions of the attractive force which unites the atoms of solid bodies together, are dependent 
in a great degree upon the forms, or arrangement of the atoms themselves. If we submit 
apiece of metal to repeated hammering, or jarring, the atoms, or particles of which it is 
composed, seem to take on a new arrangement, and the metal gradually loses all its te- 
nacity, flesjbility, malleability, and ductility, and becomes brittle. The coppersmith who 
forms vessels of brass and copper by the hammer alone, can work on them only for a short 
time before they require annealing ; otherwise they would crack and fly into pieces. 

For this reason, also, a cannon can only be fired a certain number of times before it 
will burst, and a cannon which has been long in use, although apparently sound, is always 
condemned and broken up. 

A more impoi*tant illustration, and one that more closely affects our interests, is the 
liability of railroad car-axles and wheels to break from the same cause. A car-axle, after 
a long lapBe of time and use, is almost certain to break. 

That these phenomena are due to changes in the manner of the arrangement and the 
form of the particles, or atoms, of matter, was conclusively proved by an experiment mado 
a few years since in France : — ^An accident having occurred upon a railroad, by the breaks, 
ing of an axle, by which many lives were lost, the attention of scientific men was called 
to the fact, that the iron composing the axle, when first used, was strong, and capable of 
standing a test, but after use in locomotion for a certain period, could be broken by a 
force far inferior to that by which it had formerly been tested. Many suppositions were 
made to account for this phenomenon, when finally a person took a series of rods about the 
size of pipe-stems, all strong and tough, and, with great patience, allowed them to fall 
for hours and hours upon an anvil, thus producing rapid strokes and vibrations. After 
subjecting them for a long time to this treatment, he found that the rods could be snap- 
ped and broken into fragments almost as easily as rotten wood. 
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What is 56. Iron may be made to cohere to iron by 

Welding? heating the metal to a high degree, and ham- 
mering the two pieces together. The particles are thus 
driven into such intimate contact, that they cohere and 
form one uniform mass. This property is called Weld- 
ing, and only belongs to two metals, iron and platinum. 

PRACTICAL QUESTIONS ON THE INTERNAL, OR HOLECULAB 

FORCES. 

1. In what respect does a gas diffkb from a Uqnid f 

A liquid, like water, milk, syrup, etc., can be made to flow regularly down 
a slope, or an inclined planCf but a gas can not. 

2. Why is a bar of laos stronger than a har of wood of the same size ? 

Because the cohesion existing between the particles of iron is greaier than 
that existing between the particles of wood. 

3. Why are the particles of a liquid more easily separated than those of a touD f 
Because the cohesive attraction which binds together the particles of a liquid 

is much less strong than that which binds together the particles of a solid. 

4. Why will a small needle, carefully laid npon the surface of water, float? 
Because its weight is not suflBcient to overcome the cohesion of the partidee 

of water constituting the surface ; consequently, it can not pass through them 
and sink. 

6. If you drop water and laudanum from the same vessel, why will Brrrr drops of the 
water fill the same measure as onb uukdbxd drops of laudanum ? 

The cohesion between the particles of the two liquids is different, being 
greatest in the water. Consequently, the number of particles which will ad- 
here together to constitute a drop of water, is greater than in the drop of 
laudanum. 

6. Why is the prescription of medicine hy dbops an unsafe method f 

Because, not only do drops of fluid from the same vessel, and often of the 
same fluid from different vessels, differ in size, but also drops of the same fluid, 
to the extent of a third, from different parts of the lip of the same vesseL 

7. Why are cements and mortars used to fasten hricks and stone together? ^ 
Because the adhesive attraction between the particles of brick and stone 

and the particles of mortar, is so strong, that they uuite to form one solid 
mass. 

8. IIow may the efficacy of a locomotive engine be said to depend upon the force of 
adhesion ? 

If there were no adhesion, or even insufficient adhesion, between the tire 
of the driving-wheel of the locomotive, and the rails upon which it presses, 
the wheel would turn without advancmg. 

This actually happens when the rails are greasy, or covered with frost and 
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ice. The contact ia thus interrapted, and the adhesion between the rail and 
wheel is impaired. 

9. When a liquid adheres to a solid, what term do we apply to designate the act of 
adhesion t 

Wetting. It is necessary that a liquid should adhere to the surface of a solid 
before it can bo weL Water falling upon an oiled surface does not wet it» 
because there is no adhesion between the particles of the oil and the particles 
of the water. 

10. Why are drops of rain, of tears, asd of dew upon the leaves of plants, generally 
cpberioal, or lobular ? 1 

The force of cohesion always tends to cause the particles of a liquid, when 
unsupported, or supported on a surface having little attraction for it, to as- 
sume the form of a sphere — a globe, or sphere, being the figure which will 
contain the greatest amount of matter within a given sur&ce. 

This property of fluids is taken advantage of .in the arts, in the manufacture 
of shot The melted lead is made to fell in a shower, from a great elevation. 
In its descent the drops become globular, and before they reach the end of 
their Ml become hardened by cooling, and retain their form. 



CHAPTER IV. 

ATTRACTION OF GRAVITATION. 

57. The Attraction of Gravitation is 
^tion** "tf that form of attraction, by which all bodies at 
Gravitation? gensiblc distanccs, tend to approach each other. 

Electricity and Magnetism attract bodies at sensible dis- 

Gravitatiou tances also, but their influence upon different classes of bodies 

*^th*"^ Z*"®™ varies, and is limited by distance. Molecular, or Internal At- 

of attraction? traction, acts only at insensible distances. The Attraction of 

Gravitation acts at all distances, and upon all bodies. 

«ru .. . .^ 58. Every portion of matter in the universe 

What Is the , . * ^ n 

great law of attracts cvcry other portion, with a lorce pro- 

the attraction . i i • i . . i 

of Gravita- portioned directly to its mass, or quantity, and 
inversely as the square of the distance. This 
is the great general law of the Attraction of Gravitation. 

By the Attraction of Gravitation being directly proportional to the mass of 
a body, we mean, that if of two bodies, the mass of one be twipe as largo as 
that of the other, its force of attraction will be twice as great : if it is only 
half as large, its attraction will be only half as great. 
- By the Attractipn of Gravitation being inversely proportioned to the squar© 
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of the distance, we mean, that if one body, orsabstanoe, attracts aaoCherbody 
with a certaiii force at the distance of a mile, it will attract with ibar times 
that force at half a mile, nine times the force at one third of a mfle, and so 
on, in like proportion. On the contrary, it will attract with bat one fixirth of 
the force at two miles, one ninth of the force at three miles, one sizteentli of 
the force at four miles, and so on, as the distance mcreases. 

jjjj 3^ This law may be farther 

illustrated by reference to 
Fig. 3. Let C be the center 
of attraction, and let the four 
dotted lines diTcrging fix>m G 
represent lines of attraction. 
At a certain distance fiiom C 
they will comprehend the 
small square A ; at twice that 
distance they will inclnde the large sqnare B, four times the mze of A ; and 
since there is only a certain definite amount of attraction included within 
these lines, it is clear that as B is four times as great as A, the attraction ex- 
erted upon a portion of B equal to A, will be only one fourth that which it 
would experience when in the position marked 1, just half as tbi from C. 

As gravitative attraction is the common property of aU 
bodies, it may be asked, why all bodies not fastened to the 
earth's surface do not come in contact 7 They would do so, 
were it not for the overpowering influence of the earth's at- 
traction, which in a great measure neutralizes, or overcomes, 
the mutual attraction of smaller bodies on its surface. 
Does a feather ^® throw Up a feather into the air, and it falls through the 
attract the influence of the earth's attraction ; but as all bodies attract 
^" each other, the feather must also attract, or draw up, the 

earth, in some degree, toward itself This it really does, with a force pro- 
portioned to its mass ; but as the mass of the earth is infinitely greater than 
the mass of the feather, the icfiuence of the feather is infinitely small, and we 
are unable to perceive it 

.^^ In some instances, where bodies are free to move, the mu- 

lostrations of tual attraction of all matter exhibits itself. If we place upon 
tofccS*^ J ^^ water, in a smooth pond, two floating bodies at certain dis- 
tances from each other, they will eventually approach, the con- 
ditions affecting the experiment being alike for each. Two leaden balls sus- 
pended by a string near each other, are found, by delicate tests, to attract 
each other, and therefore not to hang quite perpendicular. A leaden weight 
suspended near the side of a mountain, inclines toward it to an extent pro- 
portionate to the magnitude of the mountain. 

What is the -^^ earth attracts the moon, and this in turn attracts the 

cause of earth. The solid particles of matter upon the earth's surface. 

Tides . ^^^ being free to move, do not sensibly show the influence of 

the moon's attraction ; but the particles of water composmg the ocean, being 



Why do not 
all bodies np- 
on the earth B 
surface come 
in contact? 
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free to move, furnish us evidence of this attraction, in the phenomena of the 
tides. When, by the revolution of the earth, a certam portion of its surface 
is brought within the direct influence of the moon's attraction, the surface ,of 
the ocean is attracted, or drawn up, to form a wave. This wave, or elevation 
of the surface of the water, occurring uniformly, is called a tide ; when the 
moon is the nearest to- the earth, its attraction is the greatest, and at these 
periods we have high tides, or " high water." 

What is Ter ^^' ^'^ bodics upoH tho caith are attracted 
rstrfaiGrav- toward Its centcr. This we call Terrestrial 

Uravitation. 
wiat Is the The attraction of the earth is not the same 
earth'sittra^ at all distanccs from the center, being greatest 
*^°"^ at the surface, and decreasing upward as the 

square of the distance from the center increases, and down- 
ward simply as the distance from the center decreases. 

SECTION I. 



„ . ^ ^ 60. When a body falls to the earth, it de- 

How is a body , , •' ' 

at rert upon sccnds bccause it IS attracted toward the center 

the Rtirfaco of 

the earth at- of the cartb. When it reaches the surface of 

tracted? _ i i . * •! t 

the earth, and rests upon it, its tendency to 
continue to descend toward the center is not destroyed, 
and it presses downwards with a force proportioned to the 
degree by which it is attracted in this direction. This 
pressure we call Weight. 

What is 61. Weight is, therefore, the measure of 

Weight? £j^j.^^ ^j^j^ which a body is attracted by the 

earth. In ordinary language, it is the quantity of matter 
contained in a body, as ascertained by the balance. 

Weight being, then, the measure of the earth*s attraction, it 
Uow does follows that as the attraction of the earth varies, weight must 

\V cigiit vary r . i 

also vary, or a body will not have the same weight at all 
places. 

The weight of a body will be greatest at the surface of the 
hidy™ wS h ®^i'th, and greatest at those points upon the surface which aro 
the most, and nearest the center, 
jrhere the ^^ ^^^ ^^^^i is not a perfect sphere, but flattened at tho 

poles, the poles are nearer the center than the equator. A 
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body, therefore, will be attracted most strongly, that is, will weigh the most, 
at tiie poles, or at that portion of the earth's suriiaice which is nearest tlie 
center, and weigh the least at the equator, or at that portion of the earth's 
surface which is most remote from the center, 

A ball of ut)n weighing one thousand pounds in the latitude of the city of 
New York, at the level of the sea^ will gain three pounds in weiglit, if re- 
moved to the north pole, and lose about four pounds if conveyed to the 
equator. 

How does 62. If a body be lifted above the surface of 

M we^sS the earth, its weight will decrease in accord- 
^rth's^^Bur- ance with the law, that the attraction of 
^*^^^ gravitation decreases upward from the surface, 

as the square of the distance from the center of the earth 
increases. 

The weight of a body, therefore, will bo four times greater at the earths 
surface, than at double the distance of the surface from the center ; or a body 
weighing one pound at the earth's surface, will have only one fourth of that 
weight, if removed as far from the sur&ce of the earth, as the suriaoe is from 
the center. 

How does ^^- As the attraction of gravitation decreases 

Ja^3^\ """T downward from the surface to the center of the 

as we descend 

&? ^^ *'*'' ^^^^K simply as the distance decreases, weight 
will decrease in like manner. 

A body weighing a pound at the sur&ce of the earth, will weigh only half 
a pound at one half the distance from the surface to the center. 

Where wiu a ^^' ^^ *^^ Center of the earth a body will 
wdghit7® °^ necessarily lose all weight, since, being sur- 
rounded on all sides by an equal quantity of 
matter, it will be attracted equally in all directions, and, 
therefore, can not exert a pressure greater in one direction 
than in another. 

What are ^^ t^® attractive force which the earth exerts upon a body 

U-hTbodS'? ^ proportioned to it3 mass, cr to the quantity of matter con- 
tained in it, and as weight is merely the measure of such at- 
traction, it follows that a body of a large mass will bo attracted strongly, and 
possess great weight, while, on the contrary, a body made up of a small 
quantity of matter, will be attracted in a less degree, and possess less wciplit. 
Wo recognize this difference of attraction by calling the one body heavy and 
the other light. 

If, as is represented in Fig. 4, wo place a mass of load, a, at one extremity 
of a well-balanced beam, and a feather, &, at the other, we shall find that tho 

2* 
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lead is drawn to the earth with a force exactly equal to the superiority of ifep 




What is a Sys- 
tem of Weights 
and Measures f 



over that of the feather. Xt 
however, we tie on a sufficient 
number of feathers to make up a 
quantity of matter equal to that 
of the lead, the equilibrium is x^e^ 
stored — the two quantities are 
attracted with equal force, and 
the beam is supported in a hori- 
zontal position. 

65. In all the opera- 
tions of trade and com- 
merce, we sell, or ex- 
j change a given quantity 
\ / of one article or substance ^ 

^^---^ for a certain quantity of 
some other article or substance — so much flour for so much 
sugar, or so much sugar and flour for so much gold. 
Hence the necessity, which has existed from 
the earliest ages, of having some fixed rules or 
standards, according to which different quanti- 
ties of different substances may be compared. A set, or 
series, of such rules or standards of comparison, is called a 
System of Weights and Measures. 

Various nations adopt different standards, but in the civil- 
ized and commercial worid, but two great Systems of Weights 
and Measures are generally recognized. These are known as 
the English, and the French Systems. 

In the Enghsh System, which is the one used in the United 
States, there are two systems of weights — ^Troy and Avoirdu- 
pois "Weight Troy Weight is principally used for weighing 
gold and silver ; Avoirdupois for weighing merchandize, other 
than the precious metals. It derives its name from the French avoirs (averia), 
goods or chattels, and poidSj weight The smallest weight made use of in 
the English System is a grain. By a law of England enacted in 1286, it 
was ordered that 32 grains of wheat, well dried, should weigh a pennyweight. 
Hence the name giain applied to this measure of weight. It was afterward 
ordered that a pennyweight should be divided into only 24 grains. Grain 
weights for practical purposes, are made by weighing a thin plate of metal of 
uniform thickness, and cutting out, by measurement, such a proportion of 
the whole as should give one grain. In this way, weights may be obtained 
for chemical purposes, which weigh only the 1,000th part of a grain. 



What are the 
two great Sys- 
tems of 
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Measures ? 



What are the 
peculiarities of 
the English 
System ? 
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Hov do we ob- 
tain a Stand- 
ard of Weights 
»nd Heasures ? 

serve as a 



66. In constructing a System of Weights 
and Measures, it b necessary, in the first place, 
to fix upon some dimension which shall forever 
standard from which all other weights and 
measures may be derived, and by which they may be com- 
pared and verified. If an artificial standard were taken, 
it is evident that it might be falsified, or even entirely lost 
or destroyed, thus creating great confusion. It is, there- 
fore, necessary to fix upon some unchanging and invariable 
space or size in nature, which will always serve as a stand- 
ard, and which the art of man can not affect. In th« 
English System of Weights and Measures, such an un- 
varying dimension, or standard, is found in the length of 
a pendulum. 

Descrfte the ^*^' "^ pendulum is a heavy body, suspended 

Pendulum. ffom a fixcd poiut by a wire or cord, in such a 
manner that it may swing freely backward and forward. 
The alternate movements of a pendulum in opposite di- 
reptions are called its vibrations, or oscillations, and 
the part of a circle over which it moves is called its arc. 



How does the 
Pendulum fur- 
nish a Stand* 
ard of Meas. 
ures of Length?. 



Fig. 5. 

A 



In Fig. 5, A B represents a pendulum ; D 

C, the arc in which it vibrates. 

Now, it has been found that 
a pendulum, of any weight, 
which in the latitude of Lon- 
don will vibrate, or swing over 
the same arc, or fh)m the 

highest point on one side, to the highest point 

on the other side, in one second of time, will 

always, under the same circumstances, have 

the same length. The length of this pendulum 

(the part A B, Fig. 5) is divided into 391,393 

equal parts. Of these parts, 1 0,000 are called 

an mch, twelve of which make one foot, 

thirty-six of them one yard. Thus we ob- 
tain standards of linear measure. 

_ , . To obtain a Standard of "Weight, a cubic inch (accurately o6- 

tftin a Standard toined from the pendulum) of distilled water, of the temperature 

of Weight? ^ Q20 Fahrenheit's thermometer, is taken and weighed. 

This weight is divided into 252,458 equal parts; and of these, 1,000 will be 

a ffraifL The gram multiplied, gives ounces, pounds, etc. 
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Explain the 
construction of 
the French 
System of 
Weights and 
Measures. 



Ho do b ^^ obtain standards of Liquid Measure, ten pounds, or 7,000 

tain Standards grains of distilled water, at the same temperature, are made 
McMuxes ? *° constitute a gallon. The gallon, by division, gives quarts, 

pints, and gills. 

68. The French System of Weights and Measures is 
constructed on a diifferent plan, and originated in the fol- 
lowing manner : 

In 1788, the French Government^ feeling the necessity of 
having some standard by which all weights and measures 
might be compared and made uniform, ordered a scientific in- 
quiry to be made ; the result of which was the establishment 
of the present system of French Weights and Measures, which, 
from its perfect accuracy and simphcity is superior to all other systems. It is 
sometimes called the Decimal System, all its divisions being made by ten. 

The French standard is based on an invariable diinefnsion of the globe, viz., a 
fourth part of tlie earth^s meridian, or the fourth part of the largest circle pass- 
ing througli the poles of the earth. 

In Fig. 6, the circle N B S W repre- 
sents a meridian of the earth ; and a fourth 
part of tliis circle, or the distance N E, con- 
stitutes the dimension on which the French 
System is founded. This distance, which 
was accurately measured, is divided into 
ten million equal parts ; and a single ten 
millionth part adopted as a measure of 
length, and called a mttre. The length of 
the metre is about 39 English inchea By 
multiplying or dividing this quantity by ten, 
the other varieties of weights and measures 
are obtained. 

69. In the United States, Standards of Weights and 
Measures, prepared according to the English System by 
order of the Government, are to be found at Washington, 
and at the capital of every State. 



Fig. 6. 




PRACTICAL PROBLEMS ON THE ATTRACTION OF GRAVI- 
TATION. 

1. Suppose two bodieR, one weighing 30 and the other 90 ponnds, situated ten mUeB 
apart, were free to move toward each other, under the influence of mutual attraction : 
what space would each pass over before they came in contact ?,j '* * '% 

Tho mutn!il attraction of any two bodies for each other is proportional to the quantity 
of matter they contain. 

2. A body upon tho surface d the earth weighs one pound, or sixteen ounces: if t>7 
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•ny means we could carry it 4,000 miles above tlie eartli*s surface, what would be Ub 
weight? 

Solution: The force of gravity decreases upward, as the square of the distance from 
the center increases : weight, therefore, will decrease in like proportion. The distance of 
the body upon the surface of the earth, from the center, is 4,000 miles. Its distance from 
the center, at a poiut 4,000 miles above the surface, is 8,000. The square of 4,000 is 
16,000,000 ; the square of 8,000 is 64,000,000. The weight, therefore, wiU be diminished 
in the proportion that sixty-four bears to sixteen ; that is, it will be diminished |ths, or 
weigh |th of a pound, or 4 ounce& 

3. What will be the weight of the same body removed 8,000 miles firam the earth's 
surface ? ^ 

4. A body on the surface of the earth weighs ten tons: what would be its weight If 
elevated 2,000 miles above the surface ? -3 (/ /^J^^"^^ * 

6. How far above the surface of the earth most a pound weight be carried, to make it 
weigh one ounce avoirdupois ? 

6. What would a body weighing 800 pounds upon the earth's surface, weigli 1,000 
miles below the surface ? 

The force of gravity decreases as we descend from the surface into the earth, eimply 
as the distance downward increases, — weight being the measure of gravity, it tlierefore 
decreases in the same proportion. The distance from the surface of the earth to the 
center maybe assumed to be 4,000 miles: 1,000 miles is one fourth of 4,000. The dis- 
tance being decreased one fourth, the weight is diminished in like proportion, and the 
body will lose 200 pounds, or its total weight would be 600 pounda 

7. Suppose a body weighing 800 pounds upon the surface of the earth were sunk 3,000 
miles below the surface : what would be its loss in weight ? 

8. If a mass of iron ore weighs ten tons upon the earth's surface, what would it weigh 
at the bottom of a mine a mile below the surface t 

9. What will be the weight of the same mass at the bottom of a mine one half a mile 
below the earth's surface ? 



SECTION II. 

SPECIFIC GRAVITY, OR WEIGHT. 

YO. A piece of iron sinks in water, and floats upon quick- 
senses may the Silver. In the first instance, we say the iron sinks because it 
b '°* dT^^*^* ^ heavier than water ; and in the second, it floats, because it 
is lighter than quicksilver. Iron, therefore, is a heavy body 
compared with water, and a light body compared with mercury. But in or- 
dinary language, we always consider iron as a heavy body. The term 
weight may, therefore, be used in two veiy different senses, and a body may 
be at once very light or very heavy according to t!.e sense in which the terms 
are used. A mass of cork which weighs a ton is very heavy, because its ab- 
solute weight as indicated by the balance, viz.. 2,000 pounds, is considerable. 
It is, however, in another sense, a light body, because if compared, bulk for 
bulk, with most other solid substances, its weight is very small. Hence we 
make a distinction between the absolute, or real weight of a body, and its 
specific, or comparative weight 
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What fa Ab- 7L The Absoluts Weight of a body is 
•oiirteweigiitf |.jjj^|. Qf ji^ entire mass, without any reference 
to its balky or volume. 

whmt fa spe. ^^' The Specific Weight, or the Specific 
dfieweigtatr GRAVITY of a body. is the weight of a given 
bulk, or volume ofthe substance, compared with the weight 
of the same bulk, or volume, of some other substance. 

The tenn " Specific^* Weight, or Gravity, is used, because 
^term^p^ bodies of different species of matter have different weights 
dlie,** aa ^- under eqnal bulks, or volumes^ Thus, a cobic inch of cork, 
^^^^^xtj has a different weight from a cubic inch of oak, or of gold, and 

a colno inch of water contains a less weight than a cubic inch 
of mercmy. Hence we say that the specific gravity, or specific weight, of 
ooik is less tiian that of oak or gold, and the specific gravity of mercury is 
greater than that of water. 

73. Specific Gravity, or Weight, being merely the compaia- 
JJ^ ? ?** *^^® gr^^ityi ^^ weight, it is convenient that some standard 
e9tim%Ung Uie should be selected, to which all other sabstances may be re- 
ttv^iJuST' ^®"^^ ^^^ comparison. Distilled water has accordingly been 
taken, by common consent, as the standard fi»r comparing the 
weights of all bodies in the solid, or liquid form. The reason for using dis- 
tilled water is, that we may be certain of its purity. 

Water, therefore, being fixed upon as the standard, we determine the spe- 
dfic gravity of a body, or we ascertain how much heavier or lighter a sub- 
stance is than water, by the following rule: — 

Hoir do we 74. Divide the weight of a given bulk of the 
Site *o^^ substance, by the weight of an equal bulk of 
cfbodic? ^ater. 

Rxplain tlie Suppose we take five vessels, each of which would contain 

sppUcation of exactly one hundred grains of water, and fill them respectively 
rtilc ^^ gpirits, ice, water, iron, and quicksilver. The following 

differences in weight will be found : — ^The vessel filled with spirits would 
weigh 80 grains; with ice, 90 grains; with water, 100 grains; with iron, 750 
grains ; with quicksilver, 1,350 grains. 

"Water having been selected as the standard for comparing these different 
weights, the question to be settled is simply this: How much lighter than 
water are spirits and ice, and how much heavier than water are iron and 
quicksilver; or, in other words, how many times is 100 contained* in 80, 90, 
760, and 1,3607 The weights of the different substances filling the vessel 
are, therefore, to be divided by 100, the weight of the water ; and there is 
found for spirits the weight 0*80, one fifth lighter than water ; for the ice, 0-90, 
one tenth lighter than water; for the iron, 7*50, or seven and a half times 
heavier than water; for the quicksilver, 13*50, or thirteen and a half times 
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How do ▼© ob- 
tain the Spe- 
cific Gravity 
of Liquid 
bodies? 



in water, what 
occurs ? 



heavier than water. 2%ese numbers^ therefore, are the specific gravUies of the 

spirits^ ice, iron^ and quicksilver. 

For obtainmg the specific gravity of Liquids the method 
above described is substantially the one usually adopted in the 
arts. A bottle capable of holding exactly 1,000 grains of 
distilled water, at a temperature of 60** Fahrenheit, is ob- 
tained, filled with water, and balanced upon the scales. The 

water is then removed, and its place supphcd with the fluid whose specific 

gravity we wish to determine, and the bottle and contents again weighed. 

The weight of the fluid, divided by the weight of the water, gives the specific 

gravity required. Thus a bottle holding 1,000 grains of distilled wat^r, will 

hold 1,845 grains of sulphuric acid; 1,845-t-l, 000=1.845, or, the sulphuric 

acid is 1.845 times heavier than an equal bulk of water. 

__ . For obtaining the specific gravity of solid bodies, a difiercni 

merse a body method is adopted. When we immerse a body in water, 
it displaces a quantity of water equal to its own bulk. (In 
Fig. 7, the space occupied by the cube A B is obviously 

equal to a cube of water of the same size.) TJie Fig. 7. 

water that before occupied the space which the 

body now fills was supported by the pressure of the 

other particles of water around it. The same 

pressure is exerted on the substance which we 

have immersed in the water, and, consequently, it 

will be supported in a like degree. 

.^ . If the body weighs less than an 

body 8{nk,iAnd equal bulk of water, the pressure 

JatTr l"^^ ^'^ ^^ *^^® ^^*®^ ^^^^ sustain it entirely, 
and the body will float ; if, on the 
contrary, it is heavier than an equal bulk of water, 
the pressure of the particles of water will be un- 
able wholly to sustain it, and, yielding to the at- 
traction of gravitation, it descends, or sinks. 

But to whatever extent a body may be supported in water, to the same 
extent it will cease to press downward, or its weight -will diminish. "We ac- 
cordingly find, that a solid body, when immersed in water and weighed, will 
weigh less than when weighed in air, and the difference between these two 
weights will be equal to the weight of a quantity of water of the same size or 
bulk as the solid body ; all bodies of the same size, therefore, lose the same 
quantity of their weight in water. To find the Specific Gravity of Solids 
heavier than water, or their weight compared with the weight of an equal 
bulk of water, we have the following rule : 

75. Ascertain the wei^i^ht of the body in 
water, and also in air. Divide the weight in 
air by the loss of weight in water, and the 
quotient will be the specific gravity required. 
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ity of Solids 
heavier than 
water.? 
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is known. 



How do ire 
find the Spe- 
cific Gravily 
of a body 
lighter than 
water ? 



Suppose a piece of gold weighs in 
the air 19 grains, and in water 18 
grains ; tiie loss of weight in water will 
be 1; 19-*- 1=19, the specific gravity 
of gold. 

Fig. 8 represents the arrangement of 
the balance for taking specific gravities, 
and the manner of suspending the body 
in water from the scale pan, or beam, 
by means of a fine thread, or hair. 

76. To find the specific 
gravity of a body lighter than 
water, tie it to some substance 
sufficiently heavy to sink it, 
whose weight in air and water 
Weigh the two together, both in air and water, 
and ascertain the loss in weight. This loss 
will be the weight of as much water as is equal 
in bulk to the two solids taken together. 
Subtract the loss of the heavy body weighed 
by itself in water, previously known, from the loss sus- 
tained by the combined solids. The remainder will be 
the weight of as much water as is equal in bulk^to the 
lighter body. Divide the weight of the lighter body in 
air by this remainder, and the quotient will be the spe- 
cific gravity required. 

Thus, for example, let the weight of the lighter solid be 3 ounces, and that 
of the heavier solid 15 ouncea Let the weight which the two together lose 
when submerged in water, be 5 ounces, and lot the weight which the heavier 
alone loses when imrnprsed be 1 ounce. Subtracting the loss of weight of the 
heavier body, in water, 1 ounce, from the combined loss of the two in water, 
5 ounces, wo have 4 ounces as the weight of a mass of water equa) in bulk to 
the lighter body. But the weight of the lighter body in air is 3 ounces j 
3-f-4=0.'i5=f-. It will, therefore, weigh three quarters of its own volume 
of water, or have a specific gravity 0.75, 

77. The specific gravity of Liquids may also be found by thG 
SqT tbe^^Spe^ balance in the following manner : Weigh a solid body »n water, 
ciflc Gravity as well as in the liquid whose specific gravity is to be de- 
bSance ?^^ ^^^ termined ; then the loss in each case will be the respective 
weights of equal bulks of water and liquid. We hava there- 
fore, the following rule : 

78. Divide the loss of weight in the liquid by the loss 
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* of weight in water ; the quotient will give the specific 
gravity of the liquid. 

Thus a solid body (a piece of glas^ is generally used) loeea 20 grains when 
weighed in water, and 30 grains when weighed in acid; 30-5-20 = 1.5, the spe- 
cific gravity of the add. 

79. There are various other methods of obtaining the Fpceific gravity of 
solids and liquids.* Those we have described are the ones most generally 
adopted. 

Howdoweob. 80. For obtaining the specific grayity of 
^ *Gra??5 gases, air instead of water is adopted as the 
of a Gas? standard of comparison. The weight of a 

given volume or measure of a gas is compared with the 
weight of an equal volume of pure atmosjiheric air, and 
the weight of the gas divided by the weight of the air, 
will express the specific gravity of the gas. 

81. The following table exhibits the specific gravity of varioos solid, liquid, 
and gaseous bodies ; pure water, having a temperature of 60 degrees Fahren- 
heit's thermometer, being assumed as the standard of compaiisoa ibr solids 
and liquids, and pure, dry air, having the same temperature, being assumed 
as the standard of comparison for gases. The metal platinum has the greatest 
specific gravity of any solid body, being 21.50 times heavier than an equal 
bulk of water ; and hydrogen gas the least spedfic gravity of any of the gases, 
being 14.4 ligbterthan an equal bulk of air, and 12.000 lighter than an equal 
bulk of water. These two substances are respectively the heaviest and light- 
est forms of matter with which we are acquainted. 

SOUDS ASD LIQUIDa 

Distilk-d water 1.000 

Platinum • 21.5f:0 

Gold 19.360 

Mercury 13.600 

Lead 11.450 

saver 10.500 

Cc^per 8.870 

Iron 7.800 

Flmt Glass 3.320 

Marble 2.830 

Anthracite coal l.SOO 

Box-wood 1-320 

Sea-water 1.020 

Whale oil 0.920 

Pitdi-pine wood 0.660 

* See Hydrometer. 
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White pino 0.420 

Alcohol 0.800 

Ether 0.T20 

Cork 0.240 

GASES. 

Pure, dry atmospheric air 1.000 

Carbonic acid gas 1.520 

Oxygen 1.100 

Nitrogen 0.970 

Ammoniacal gas 0.580 

Hydrogen O.OtO 

Hoir can we ^^' "^ ^^^° ^°^* °^ water weighs almost exactly 1,000 
determine the ounces avoifdupois, OF 62^^ pounds. I^ therefore, the specific 
SflT^bSdy from gf^^ity of water bo represented by the number 1,000, the 
its Specific numbers which express the specific gravity of all other solids 

ravity . ^^^ liquids, will also express the number of ounces contamed 

in a cubic foot of their dimensions. Thus, the specific gravity of gold being 
19.360, it follows that a cubic foot of gold will weigh 19,360 ounces; and the 
specific gravity of cork being 0.240, the weight of a cubio foot of cork will 
be 240 ounces. By means of a table of specific gravities, therefore, the 
weight of any mass of matter can be ascertained, provided we know its cu- 
bical contents, by the following rule : 

83. Multiply the weight of a cuLic foot of water by 
the specific gravity of a substance ; the product will be 
the weight of a cubic foot of that substance. 

Thus, anthracite coal has a specific gravity of 1.800. This, multiplied by 
the weight of a cubic foot of water, 1,000 ounces, gives 1,800 ounces, which 
is the weight of a cubic foot of coal. 

How can we 84. The volumc, OF bulk, of any givcn Weight 
bX^f 'i snh- of ^ substance can also be readily calculated, 
s^cmc'^^ by dividing the number expressing the weight 
**y^ in ounces by the number expressing the spe- 

cific gravity of the substance, omitting the decimal points; 
the quotient will express the number of cubic feet in the 
volume, or bulk. 

Thus, for example, if it be desired to ascertain the bulk of a ton of iron, it 
is only necessary to reduce the ton weight to ounces, and divide the number 
of ounces by 7.800, the specific gravity of iron ; the quotient will be the 
number of cubic feet in the ton weight 

of matter we?e 85. If the particlcs of all matter were per- 
hov woSr^ fectly free to move among themselves, their 
aSifld^^ arrangement in space would always be in ex- 
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Why does a 
Ijalloon ascend, 
or a cork rise 
to the surface 
of water ? 



act accordance with their diiferent specific gravities : in 
other words, light bodies, or those having a small specific 
gravity, would rest upon, or rise above all heavier bodies, 
or those possessing a greater specific gravity. 

,„^ ^ .„ In tlie case of different liquids, the particles of which are 

Whatareillus- „ , , , . 

trations of this free to move among themselves, this arrangement always ex- 
principle? igtg^ gQ jQjjg ^g tho different substances do not combine to- 
gether, by the force of chemical attraction, to form a compound substance. 
Thus, water floats upon sulphuric acid, oil upon water, and alcohol upon oil, 
and by carefully pouring each of these liquids successively upon the sur&oe 
of the other, they may be arranged in a glass in layers. 

Carbonic acid gas is heavier than atmospheric air. "We accordingly find 
that it accumulates at the bottom of deep pits, wells, caverns and mines. 

This principle also explains certain phenomena which at 
first seem opposed to the law of terrestrial gravity, that all 
matter is attracted toward the center of the earth. We ob- 
serve a balloon, a soap-bubb]e, or a cloud of smoke or steam 
to ascend ; and a cork, or other light body, placed at the bot- 
tom of a vessel of water, rises through it, and swims on the surface. These 
phenomena are a direct consequence of gravitation ; the attraction of which, 
increasuig with the quantity of matter, draws down the denser air and water 
to occupy the place filled by the lighter bodies, which are thus pushed up, 
and compelled to ascend. 

Suppose Oj Fig. 9, a ball of wood so loaded with lead 
that it will float exactly in the middle of a vessel of water. 
The weight of the wood and the upward pressure of the 
water have such a relation to each other, that the ball is 
balanced in this position. If now we add a few drops of 
strong salt and water, we shall see, as it sinks and mixes 
with the water, that the ball, a, la forced to the top of the 
fluid, because the attraction of gravitation on the denser 
fluid draws it down, and compels it to occupy the place 
of o. 

The prindple that the particles of liquids arrange them- 
selves according to their specific gravities, has been taken 
advantage of in the West Indies by the slaves, in order to 
enable them to steal rum from casks. The long neck of a bottle filled with 
water, is inserted through the bung of the cask into the rum. The water 
faUs out of the bottle into the cask, while the lighter rum rises to take its 
place. 

The principle of specific gravity admits of many valuable 
applications in the arts. It offers a very sure and quick 
method of determining whether a substance is pure or adul- 
terated. Thus, silver may be mixed with gold to a consider- 




Mention some 
of the practical 
applications of 
specific gi'av-> 
ity. 



able extent^ without changing, to any great degree, the ap- 
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pearance of the gold. The specific gravity of pure gold being 19, and of pure 
silver 10, it is obvious that a mixture of the two will have a specific gravity 
less than pure gold, and greater than pure silver, the diflerence being propor- 
tioned to the amount of adulteration. In the same way we can determine 
whether cheap oils have been mixed with expensive oils, cheap and poor il- 
luminating gas, with expensive and brilliant gas. In any case it enables va 
to ascertain the exact size or solid bulk of a mass, however irregular— even 
of a bundle of twigs.* 

PRACTICAL PROBLEMS RELATING TO SPECIFIC GRAVITY. 

1. The -weight of a solid body is 200 grains, but its weight In water ia only 160 graku; 
wliat is the specific gravity of the body ? 'f 

Solution: 60 grains = loss of weight in water; 200 grains (weight in air) +60=4, spe- 
cific gravity required. 

2. A body weighed in the air 23 ponnds, and in water 24 pounds ; what is its specific 
gravity?/ 

3. An irregular fragment of stone weighed In air 78 grains, bnt lost 30 upon being 
weighed in water; what was the specific gravity of the stone ?J[ yi^ 

4. A piece of cork weighed in the air 43 groins, and a piece of brass 660 grains ; the 
brass weighed in water lt83 grains, and tbe brass and coric when tied together weighed in 
water 330 grains. What was the specific gravity of the corlt ? ; v ',' 

5. How much more matter is there in a cubic foot of sea-water, than in a cable foot of 
fresh water? 

6. Would a piece of steel sink or swim in melted copper? J' 

7. When alcohol and whale-oil are put in the same vessel, which of these two sub- 
stances will occupy the top, and which the bottom part of the vessel? 

8. If a cubic foot of water weigh 1,000 ounces, what will be the weight of a cable foot 
of lead? 

9. What will be the weight of a cubic foot of cork, in ounces and in pounds ? 

• The attempt to ascertain whether a particular body had been adulterated led Archi- 
medes, it is said, to the discovery of the principle of specific gravity. Hiero, King of 
Syracuse, having bought a crown of gold, desired to know if it were formed of pui'e metal ; 
and as the workmanship was costly, he wished to accomplish this without defacing it 
The problem was referred to Archimedes. The philosopher for some time was unable to 
solve it, but being in the bath one day, be observed that the water rose in the bath in ex- 
act proportion to the bulk of his body beneath the surfiice of the water. He Instantly per- 
ceived that any other substance of equal size, would raise the water just as much, thongb 
one of equal weight and less size, or bulk, could not produce the same effect Convinced 
that he could, by the application of this principle, determine whether Hiero' s crown had 
been adulterated, and moved with admiration and delight, he Is said to have leaped from 
the water and rushed naked into the street, crying »* Ei'prjica ! Evp^Ka I" " I have found it! 
I have found it !' * In order to apply his theory to practice, he procured a mass of pure gold - 
and another of pure silver, each having the same weight as the crown ; then plunging the 
three metallic bodies successively into a vessel quite filled with water, and having carefully 
collected and weiijhed the quantity of liquid which was displaced in each instance, ha 
ascertained that the mass of pure gold, of the same weight as the crown, displaced less 
water than the crown ; the crown was, therefore, not pure gold. The mass of pure «ilver 
of the same weight as the crown, displaced more water than the crown; the crown, there- 
fore, was not pure silver, bat a mixture of gold and silver. 
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10. How many enbic feet In a ton of gold ? 

11. How many cubic feet in two tons of anthracite coal ? 

12. How many cubic feet in a ton of cork ? 

13. A fragment of metal lost 5 ounces when weighed in water ; what were its dimen- 
sions, supposing a cubic foot of water to weigh 1 ,000 ounces f 

Solution : The loss of weight in water, 6 ounces, is the weight of a bulk of water equal 
to that of the body. As wc know the weight of a cubic foot of water, we can determi-ie 
the number of cubic inches or feet in any given weight, thus ; as 1,000 (the weight of a cubic 
foot of water in ounces) is to 5 ounces, so is 1,723 (the number of cubic inches in a cubic 
foot) to 8.64 cubic inches, the dimensions of the fragment 

14. Wishing to ascertain the number of cubic inches In an irregular fragment of stone, 
it was weighed in water, and its loss of weight obseryed to be 425 ounces. What were its 
dimensions ? 

SECTION III. 

CENTER OP GRAVITY. 



What is the 



86. The Center of Gravity in a body, is 
<^enterofGrav- that poiut about which, If supportcd, the 
whole body will balance itself. 

Yjq 2.Q If we take a rod, or beam, of 

equal size throughout, and suspend 

it from the middle. Fig. 10, the 

two sides will exactly balance each 

^ other, and it will remain at rest in 

a horizontal position. There being 

as much matter similarly situated on one side of the support as on the other, 

the force of attraction exerted on both sides will be alike, and therefore one 

side can not overpower, or outweigh the other. 

In every body, of whatever size or form, a point may bo 
How may we found, about which, if supported, all the parts of the body will 
whole attrac- balance, or remain at rest. Everybody may be considered as 
a bodr^concen" Da^de up of separate particles, each acted upon separately by 
trated at its gravity, but as by supporting this one point we support tlio 
Center of Grav- y^^^^i^^ g^ y^y ji^j^g ^^ ^q jjft ^^^q ^hole, and as by stopping it 

we cause the whole body to rest, the whole attraction cxerti^d 
on the entire mass may be considered as concentrated at this one point, and 
tliis point we call the Center of Gravitt. 

T,n, . . .1. 87. The Center of Magnitude of a body, 

What 13 the , . /. i t n y» i 

Center of Mag. is thc Central ooint of the bulk, or mass oi the 

mtude? ^ ' 

body. 
^ . ^ 88. When a body is of uniform density, the 

Wliere is the ^ ^ -i^ . . -, • i • 

Center of Grav- CeNTER OF GRAVITY Will COmClde With itS 

center of magnitude ; but when one ])art of a 
body is composed of heavier materials than another part, 
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the center of gravity no longer corresponds with the center 
of magnitude, or the central point of the bulk of the body. 

Fig. 11. Thas, in a sphere, a cube, or a cyliader, the center of grav- 

ity is the same as the center of the. body. In a ring of uni- 
form size and density, the center of gravity is the center of 
I the space inclosed in the rhig (see Fig. 11). This example 
f Bhows that the center of gravity is not necessarily included 
in that portion of space occupied by the matter of the body. 
In a wheel of wood of unilbrm density and thickness the 
center of gravity will be the center of the wheel, but if a part of the rim be 
made of iron, the center of gravity will be removed to some point aside from 
the center. 

When two bodies are connected together, they may be regarded as one 
body, havmg but one center of gravity. If the two bodies be of equal weight, 
the center of gravity will be in the middle of the Hne which unites them ; 
but if one be heavier than the other, the center of gravity will bo as much 
nearer the heavier body, as the heavier exceeds the lighter one in weight. 
Fia. 12. Thus, if two balls, each weighing four pounds, be 

connected together by a bar, the center of gravity 
will be a point on the bar equally distant from 
each. But if one of the balls be heavier than the 
other, then the center of gravity will, in propor- 
tion, approach the larger ball. This is illustrated by reference to Fig. 12, in 
which the center of gravity about which the two balls support themselves, is 
seen to be nearest to the heavier and larger ball. 

89. The center of gravity of a body being regarded as the 
Center of Grav- Point in which the sum of all the forces of gravity acting upon 
ity be in perma- the separate particles of the body are concentrated, it may 
equiUbrium?**' ^ Considered as influenced by the attraction of the earth 
in a greater degree than any other portion of the body. It 
follows, therefore, that if a body has freedom of motion, it can not be brought 
into a position of permanent equilibrium, until its center of gravity occupies 
the lowest situation which the support of the body will allow ; that is, tlie 
center of gravity will descend as far toward the center of the earth as possible. 

What do we ^^' ^y Equilibrium we mean a state of rest 
^^a»YEquiu- produccd by the counterpoise, or balancing, of 
opposite forces. 

Tlius when one force tending to produce motion in one direction, is opposed • 
by an equal force tending to produce motion in an exactly opposite direction, 
tlie two balance each other, and no motion results. To produce any action, 
there must be an inequality in the condition of one of the forces. 
^ ^ The truth of this principle may be illustrated by certain ex- 

periment can periments which at first seem to be contradictory to it. Thus 
f^ prittcSe? ^ cylinder may be made to roll up an inclined plane. Fix a 
piece of lead, Z, Fig. 13, on one side of the cylinder a, so that 
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PlO. 13. 



the center of gravity of the cylinder will be at the point ^ whfle its center 

of magnitude is at c. The cylinder 
will then roll up the inclined plane to 
tlie position a I, because the center 
of gravity of the mass, i, will endeavor 
to descend to its lowest point 

91. A prop that supports 
the center of gravity sup- 
ports the whole body. This support may be applied ia 
T V . .V three different ways : 

In what three "^ 




ways may the 
rofGrav- 



Illnstrate 
first case. 



the 



ceiterof'Grav. " ^^® P^"^* ^^ Bupport may bo appUed di- 
i^beiapport- rectly to the center of gravity of the body. 

2. The point of support may have the cen- 
ter of gravity immediately below it. 

3. The point of support may have the center of gravity 
immediately above it. 

In the first case, where the point of support is applied di- 
rectly to the center of gravity, the body will remain at rest in 
any position ; this is illustrated in tlie case of a common wheel, 
where the center of gravity is also the center of the figure, and this being 
Fia. 14. supported on the axle, the wheel rests 

indifferently in any position. In Fig. 
14, let a, the center of the wheel, which 
=»o is also its center of gravity, be supported 
by an axle ; — the wheel rests, no matter 
— ££, to what extent we turn it. 

In the second case, where the point 
- -e of support is above the center of gravity, 
the body, if it is allowed freedom of mo- 
tion, will not rest in perfect equilibrio 
until its center of gravity has descended to the lowest position, which m all 
cases will be immediately beneath the point of suspension. 
SSTn^as^* Thus, m Fig. 14, let the wheel, the center of gravity of which 
ia at a, be suspended from the point 5, by a thread, or hung 
upon an axle, having freedom of motion on that point. ITowever much we 
may move it, either right or left, toward w or n, as shown by the dotted linefe, 
am and an, it swings back again, and is only at rest when 6 and a are in the 
same perpendicular line. 

In the third case, where the point of support has the cen- 
ter of gravity above it, a body will remain at rest only so long 
as the center of gravity is in a vertical line, above the point 
of support. In Fig. 14, suppose the wheel to be supported at the point c, sit- 
uated in a vertical line a e^ immediately below the center of gravi^' 




Illastrate 
third ease 



the 
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Wliat is Indif- 
ferent Equili- 
brium ? 



What is Stable 
Equilibrium ? 



long as this position is maintained, the wheel will remain at rest, but the mo- 
ment the center of gravit}", a, is moved a little to the right or left, so as to 
throw it out of the vertical Hne joining a and c, the wlieel will turn over, and 
assume such a position as to bring the center of gravity immediately beneath 
the point of support, eu^ in the second case. 

Upon what 92. The stability of a body, therefore, de- 

bilkyofabody pciids upoii the manner in which it is sup- 
depend? portcd. Or in other words, upon the position 

of its center of gravity. 

What axe the 93. As a body may be supported in three 
tkTiSfofE^'qSuil positions, we have, as a consequence, three 
brium? conditions of equilibrium, viz.. Indifferent, 

Stable, and Unstable Equilibrium. 

Indifferent Equilibrium occurs when a body is supported 
upon its center of gravity ; for then it remains at rest indilTer- 
ently in every position. 

Stable Equilibrium occurs when the point of support is 
above the center of gravity. If a body be moved from this 
position, it swings backward and forward for a time, and 
finally returns to its original situation. 

wh t • Ti Unstable Equilibrium occurs when the point of support is 

stable Equili- beneath the center of gravity. The tendency of the center of 
brium ? gravity in such cases is to change, and take the lowest situation 

the support of the body will allow. 

94. The principle that when a body is suspended freely, it 
will have its center of gravity in a vertical hne, immediately 
below the point of support, has been taken advantage of to 
determine experimentally the position of the certer of gravity, 
in irregular shaped bodies. Suppose we suspend, as in Fig. 
15, an irregular piece of board by means of cord. j\ plumb-line let fall from 
the point of support, or the prolongation of the cord, w/Jl 
pass through the center of gravity, G. If we now attach 
the cord to another point, and suspend the body anew, the 
prolongation of the cord in this instance, also, will pass 
through the center of gravity, G. The intersection of 
these two lines will be the center of gravity, and the 
board, if suspended by a cord attached to this point, will 
hang evenly balanced. 

95. A line which connects the center of 
gravity of a body with the center of the 
earth, or, in other words, a line drawn from 
the center of gravity perpendicularly downward, is called 
tlie Line of Direction. It is called the Line of Direction, 



How may we 
determine tbe 
center of grav- 
ity in irregular 
bodies ? 



Fig. 15. 
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What is the because when a solid body falls, its center of 
tion? gravity moves along this line until it reaches 

the ground. When bodies are supported upon a basis, 
their stability depends on the position of their Line of 
Direction. 

96. If the line of direction falls within the 
base upon which the body stands, the body 
remains supported ; but if it falls without the 
base, the body overturns. 



When will a 
body stand, 
and when will 
it fall? 



Fig. 16. 



FiQ. 17. 





Thus, in Fig. 16, the line directed vertically from the center of gravity, G, 
falls within the base of the body, and it remains standing; but in Fig. 17 a 
similar line falls without the base, and the body, consequently, can not be 
maintained in an upright position, and must fall. 

A. wall, or tower stands securely, so long as the perpendicular line drawn 

through its center of gravity falls 



Fig. 18. 




within its base. The celebrated 
leaning-tower of Pisa, 315 feet high, 
which inclines 12 feet from a per- 
fectly upright position, is an example 
of this principle. For instance, the 
line in Fig. 18, felling from the top 
of the tower to the ground, and 
passing through the center of gravity, 
fells withui the base, and tlio tower 
stands securely. IfJ however, an 
attempt had been made to build the 
tower a little higher, so that the per- 
pendicular Ime passing through the 
center of gravity, would have fallen 
beyond the base, the structure ccald 
no longer have supported itself. 

97. The broader, or larger 
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the base of a body, and the nearer its principal mass is to 
the base, or, in other words, the lower its cen- 
ter of gravity is, the firmer it will stand. 
A pyramid, for this reason, is the firmest of all structures. 
The base upon which- the human body rests, or is supported, 
is the two feet and the space included between them. The 
advantage of turning out the toes when we walk is, that it 
increases the breadth of the base supporting the body, and 
enables us to stand more securely. 
In every movement of the body, a man adjusts his position unconsciously, 
in such a way as to support the center of gravity, and cause the line of di- 
rection to &11 within the base. 

Why does a j^ person carrying a load upon his back, bends forward in 
^load'^ order to brmg tiie center of gravity and his load over his 
feet. 



When will a 
body stand 
most firmly i 



What is the 
advantage of 
turning oat the 
toes in walk- 
ing? 



person carry- 
ing a load ap- 
his back 
bend over 1 



Fig. 19. 



Fig. 20. 





Why does a 
person lean for- 
ward in ascend- 
ing a hill, and 
backward in 
descending ? 

Why is a high 
carriage more 
liable to over- 
turn than a low 
one? 



Fig. 21. 



If he carried the load in the position of A, Fig. 19, he would be liable to 
fall backward, as the direction of the center of gravity would fall beyond his 
heels ; to bring the center of gravity over his feet, he assumes tiie position 
indicated by B, Fig. 20. 

For the same reason, when a 
man ascends a hill he loans for- 
ward, and when he descends he 
leans backward. See Fig. 21. 

A high carriage is much more 
liable to be overset by an irregu- 
larity in the road than a low one ; 
because the center of gravity being 
high, the line of direction is easily 
thrown without the base. This 
will appear evident from the following illustration, Fig. 22. 
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Fia 23. 



Let A represent a coach standing on a level ; B, a cart loaded with stones 
on a slope ; G, a wagon loaded with hay on a slope \ a a a the centers of 
gravity ; a 6, line of direction ; c d^ base. 

Here it is obvious that the hay- wagon must upset, because the line of di- 
rection falls without the base ; that the coach is very secure, because the line 
of direction fells fer within the base ; and the stone-cart, though the center 
of gravity is low down, is not very secure, because the line of direction fells 
very near the outside of the base. 

The effect on the stability of a body occa- 
sioned by placing its center of gravity in a very 
low position, is shown in an amusing toy for 
children, represented by Fig. 23. The horse, 
with his rider, is firmly supported on his hind 
feet, because, by means of a leaden ball attached 
to the bent wire, the center of gravity is brought 
below the point of support 

When wffl a ^^ ^^^ ^® P^®^ ^° ^'^ '^' 

body slide and clined surface, it will slide down 

when roU down ^^^^ ^^ ^^^ ^f direction fells 
within the base ; but it will roll 
Fig. 24. down when it fells with- 

out the base. Thus the 

body, e, Fig. 24, having its line of direction e a, with- 
in the base, wiU slide down the inclined surface, cd; 
but the body 6 a, will roll down, since its line of di- 
rection, 6 a, feUs without the base. 



a slope ? 







PRACTICAL QUESTIONS ON THE CENTER OF GRAVITY. 

1. Why does a person in rising from a chair bend forward ? 

When a person is sitting, the center of gravity is supported by the seat; 
in an erect position, the center of gravity is supported by the fed; therefore, 
before riang it is necessary to change the center of gravity, and, by bending 
forward, we transfer it from the chair to a point over the feet. 
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2. Why is a turtle placed on its back unable to moTO ? 

Because the center of gravity of the turtle is, in this .position^ at (he lowest 
poirUf and the animal is unable to change it ; therefore it is obliged to remain 
at rest 

3. Why do very fat people throw back their head and shoulders when they walk ? 

In order that they may eflfectually keep the center of gravity of the body 
over the base formed by the soles of the feet. 

4 Why can not a man, standing with his heels dose to a perpendicular wall, bend over 
sufficiently to pick up any object that lies before him on the ground, without falling? 

Because the wall prevents him from throwing part of his body backward, 
to courUerbakmce the head and arms that must project forward. 

5. What is the reason that persons walking arm-in-arm shake and Jostle each other, 
onlesB they make the moyements of their feet to correspond, as soldiers do in marching ? 

When we walk at a moderate rate, the center of gravity comes alternately 
over the right and over the left foot The body advances, therefore, in a wav- 
ing line; and unless two persons walking together keep step, the waving mo- 
tion of the two fails to coincide. 

6. In what does the art of balancing or walking upon a rope consist ? 

In keeping the center of gravity in a line over the base upon which the 
body rests. 

7. Why is it a very difficult thing for children to learn to walk ? 

In consequence of the natural upright position of the human body, it is 
constantly necessary to employ some exertion to keep our balance, or to pre- 
vent ourselves from falling, when we place one foot before the other. Chil- 
dren, after they acquire strength to stand, are obliged to acquire this knowl- 
edge of preserving the balance by experience. When the art is once ac- 
quired, the necessary actions are performed involuntarily. 

8. Why do young quadrupeds learn to walk much sooner than children ? 
Because a body is tottering in proportion to its great altitude and narrow 

hose, A child has a body thus constituted, and learns to walk but slowly be- 
cause of this difficulty (perhaps in ten or twelve months), while the young of 
quadrupeds, having a broad supporting base^ are able to stand and move about 
almost immediately. 

9. Are all the limbs of a tall tree arranged in such a manner, that the Hue directed 
from the center of grayity is caused to faU within the base of the tree ? 

Nature causes the various limbs to shoot out and grow from the sides 
with as much exactness, in respect of keeping the center of gravity within 
the base, as though they had been all arranged artificially. Each limb grows, 
In respect to all the others, in such a manner as to preserve a due balance be- 
tween the whole. 
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SECTION IV. 



V 



EFFECTS OF GBAYITY AS DISPLAYED BT FALLING BODIES. 



What is a Ver- 
tical line? 



What is a 
Plumb Line? 



Fig. 26. 




98. When an unsupported body falls, its 
motion will be in a straight line toward the 

center of the earth. This line is called a. Vebtical 
Line. 

99. If a body be suspended by a thread, the 
thread will always assume a vertical direction, 

or it will represent that path in which the body would 
have fallen. A weight thus suspended by 
a thread, is called a Plumb-Line,** Fig. 25, 
and is used by carpenters, masons, etc., to 
ascertain by comparison, whether their work 
stands in a vertical or perpendicular position. 
What is a 100. A plumb-line is always 

Level Surface? perpeudicular to the surface of 
water at rest. The position of such a sur- 
face we call Level. 

No two plumb-lines upon the earth's surface will be 
parallel, but will incline toward each other, since no two 
bodies from different points can approach the center of a 
sphere in a parallel direction. If tiieir distance apart bo 

one mile, this inclination will amount to one minute, FiO. 26. 

and if it be sixty miles, to one degree. In Fig. 26, 

let E E be a portion of the earth's surface, and D its 

center ; the bodies A, B, and 0, when allowed to 

drop, will fidl in the direction A D, B D, and D. 

101. As the attraction of e^ 

the earth acts equally and 

independently on all the 

particles composing a body, 
it is clear that they must all fall with 
equal velocities. It makes no difference whether the sev- 
eral particles fall singly, or whether they fall compacted 
together, in the form of a large or a small body. 

* Plumb Line, so called from the Latin irord plumUmm^ lead, the veigfat asoallj at* 
tached to the string. 



Will all bodies, 
under the in- 
fluence of grav- 
ity alone, fall 
\rith equal ve- 
locities ? 
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If ten or a hundred leaden balls be disengaged together, they will fall in 
the same time, and if they be molded into one ball of great magnitude, it 
will still fall in the same manner. 

102. Hence all bodies under the influence of gravity 
alone, must faU with equal velocities.* 

There are some familiar fects which seem FiQ. 27. 
periment can to be opposed to this law. When we let go 
you prove this ^ feather and a mass of lead, the one floats 
in the air, and the other Mis to the ground very 
rapidly. But in this case, the operation of gravity is modified 
by the resistance of the air ; the feather floats because the 
air opposes its descent, and it can not overcome the resistance 
offered. But if we place a mass of lead and a feather in a 
vessel exhausted of air, and liberate them at the same time^ 
they wiU fall in equal periods. The experiment is easily 
shown by taking a glass tube. Fig. 27, closed at one end, and 
suppHed with an air-tight cap and screw-cock at the other. 
A feather and a piece of metal are previously inclosed in the 
tube. The tube being filled with air, and inverted, the metal 
will fall with greater speed than the feather, as might be ex- 
pected. If the tube be now exhausted of air by means of 
an air-pump and the screw-cock, and in this condition in- 
verted, the feather and the metal will fall fi>om end to end 
of the tube with equal velocity. 

103. If a man leap from a chair or table, | || 
he will strike the ground without injury. If 
the same man leap from the top of a high 
house, he will probably be killed. These, 
and many like instances, prove that the force 
with which a felling body strikes the ground depends upon 
the height fix)m which it falls. But the force depends on 
the velocity of the body the moment it touches the ground; 
therefore, the velocity with which a body falls depends also 
upon the height from which it descends. 



Upon what do 
the force and 
velocities of 
falling bodies 
depend ? 



* PrevlonB to the time of Galileo, the philosophers maintained that the velocity of a 
falling body was in proportion to its weight, and that if two bodies of unequal weights, 
were let faU from an elevation, at the same moment, the hea-^er would reach the ground 
as much sooner than the lighter, as its weight exceeded it. In other words, a body weigh- 
ing two pounds would fall in half the time that would be required by a body weighing one 
pound. Galileo, on the contrary, asserted tliat the velocity of a falling body is independant 
of its weight, and not affected by it. The dispute running high, and the opinion of ttie 
public being generally averse to the views of Galileo, he challenged his opponents to test 
the matter by a public experiment The challenge was accepted, and the celebrated leaning- 
tower of Pisa agreed upon as the place of triaL In the presence of a large concourse, two 
balls were selected, one having exactly twice the weight of the other. The two were then 
dropped from the summit of the tower at the same moment, and, in exact accordance 
with the assertions of Galileo, they both struck the ground at the same instant 
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Hov does 104. When a body &Ils, it is attracted by gravity daring 

a&S^^lT? the whole time of its idling. Gravity does not merely set 
the body In motion and then cease, but it oontinnee to act 
During the first second of time, the force of gravity will cause the body to 
descend through a certain space. At the end of this time, the body would 
continue to move, with the motion it has acquired, without the action of any 
further force, merely on account of its inertia. But gravity continues to act, 
and will add as much more motion to the falling body during the second 
second of time, as it did during the first second, and as much again durlLg 
the third second, and so on. 

What is fhe ^^^' ^^^^S l>odies, therefore, descend to 
Liv of fidiing the earth with a uniform accelerated motion. 

bodies If 

A hody falling from a height will fall 16 feet 
in the first second of time,* three times that distance in 
the second, five times in the third, seven in the fourth, 
the spaces passed over in each second increasing as the 
odd numbers 1, 3, 5, 7, 9, 11, etc. 

How does the 106. The entire space passed over by a body 
^^ aS^ ^ falling is as the square of the time ; that is, 
^\Sd/wmI ^ *^<^® *t® *J^® i* will fall through four times 
p*"' the space ; in thrice the time, nine times the 

space.f 

The tune occupied in &Iling, therefore, being known, the height from which 
a body laJls may be calculated by the following rule: 

Time bei ^^'^' ^^^^V^J ^^^ squarc of the number of 

Slhd^SrfS" seconds of time consumed in falling, by the 
wwch a body distauco which a body will fall in one second of 

&lls be found? . '^ 

tune. 

Thus, a stone is five seconds in falling fi'om the top of a precipice ; the square 
of five seconds is 25 ; this multiplied by 16, the number of feet a body will 
&11 in one second, gives 400 — ^the height of the precipice. 

Hoir do the 108. As the effect of gravity is to produce a 
timw offamS^ uniform accelerated motion, the velocity of a 
compare? falling body will increase as the time increases. 

* The spaces described by fiilling bodies are here given in ronnd numbers, the fractions 
being omitted. The space described by a falling body daring the first second is IS 1-lOth 
feet. 

t The resistance of the air essentially modifies the laws of the motions of falling bodies, 
as here stated, and with a certain velocity, will become equal to the weight of the falling 
body. After this takes place, the body wiU descend with a uniform velocity. There 
Is, therefore, a limit to the velocity which a body can acquire by falling through tlie 
atmosphere. 
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Thus, at the end of two seconds, the velocity acquired by a falling body 
will bo twicQ. as great as at the end of ono second, thrice as great at the end 
of the third second, and so on. 

Hovarebodies 109. Bodies projected directly upward, will 
wanunmienc^d ^^ iufluenced by gravitation in their ascent, as 
by gravity? y^^u j^g jj^ thoir dcscent, but in a reversed 
order ; producing continually retarded motion while they 
are rising, and continually increasing motion during their 
fall. 

Thus, a body projected up perpendicularly into the air, if not influenced by 
the resistance of the air, would rise to a height exactly equal to that from 
which it must have &Ilen to acquire a final velocity the same as it had at 
the first instant of its ascent 

110. To determine the height to which a 
body projected upwatd will rise, with a given 
velocity, ascertain the height from which a 
body would fall to acquire the same velocity. 
The answer in one case will be the answer in 



How can we 
determine the 
height which a 
hod 7 projected 
upward with a 
given velocity 
wiU ascend? 



the other. 



How do the 
times of ascent 
and descent 
compare? 



Ill, The time, also, which the ascending 
body would require to attain its greatest 
height, would be just equal to the time it 
would require to fall to the ground from that height. 

The following table exhibits an analysis of the motions of a &Iling body; 
the spaces passed over in each interval of time of falling, mcreasing as the 
odd numbers 1, 3, 5, T, 9, etc. ; the velocities acquired at the end of each m- 
terval increasing directly as the times; and the whole space passed over being 
as the squares of the times. 



Number of Seconds 

iii tha Fal!, co«int«id 

from a State of 

Rest. 


Spaces faDen 

through in each 

sncMailTe 8««ond. 


Velocities acquired 

at the End: of 

Number of Second* 

expressed In First 

Column. 


Total Height fallen 
through from Rest 
in the Number of 
Seconds expressed in 
First Column. 


1 

2 
8 

4 
5 
6 

7 
8 
9 
10 


1 
8 
5 
T 
9 
11 
13 
16 
IT 
19 


2 

4 
6 
8 
10 
12 
14 
16 
18 
20 


1 

4 
9 
16 
25 
36 
49 
64 
81 
100 



Where extreme accuracy is not required, most of the problems connected 
with the descent of falling bodies, may be worked with great readiness — 16 
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feet» the space passed thnnigfa by a fining bodj in one second, being taken 
as the common multiple of distances and Te]ocitie& * 

Thus, to ascertain the height from which a body woold fill in 5 seconds^ 
take in the fourth oolonm of the table the number opposite 5 seconds^ which 
is 25, and multiply it by 16; the product, 400, will be the height required. 
Problems of this character may also be worked by the rule giv^i (§ 107). 

In the same manner, if it be required to determine the space a filling body 
would descend through in any particular second of its motion, as, for exam- 
ple, the 5th second, we take in the second column of the table the nnmber 
opposite five seconds, which is 9, and multiply it by 16 ; the product, lii, is 
the space required. 

In like manner, if it be required to determine with what Telocity a body 
would strike the ground after fiUing during an interral oi 5 seconds, we take 
the number in the third column of the table opposite 5 seconds, which we 
find to be 10, and multiply this by 16. The product, 160 feet, will be the 
Telocity required; and a body thus filling for 5 seconds would have, when 
it /strikes the ground, a Telocity of 160 feet 

What will be ^^^' ^^ ^ ^ody, instead of falling perpen- 
the Telocity of dicularlj, be miade to roll down an inclined 
down an in- planc, fiee from friction, the velocity acquired 
at the termination of its descent, will be equal 
to that it would acquire in filling through the perpen- 
dicular height of the inclined plane. 

Fia. 28. Thus, the Telocity acquired in rolling down the whole 

length of A B, Fig. 28, is equal to that it would acquire 
by fiUing down the perpendicular height A C. 

113. The great Italian philosopher Galileo, during tlio 
^g early part of the 17 th century, had his attention directed, 
while in a church at Florence, to the swinging of the 
chandeliers suspended from the lofty ceiling. He noticed that when they 
How, and by ^^^ moTcd fi"om their natural position by any disturbing 
whom was the cause, they swung backward and forward in a cunre, for a 
Svered ? *®^ *"°®» ^^^ ^^^ S^^^ uniformity, rising and filling alter- 

nately in opposite directions. His inquiry into the cause of 
thesa motions led to the iuTcntion of the pendulum, the theory of which may 
be explained as follows : 

Explain the 114. All bodies win haTe their motion as much accelerated 

theory of the whilst descending a cunre, as retarded whilst ascending. Let 
pendulum. C A B be a curve, Kg. 29. If a 

ball be placed at C, the attraction of gravitation 
win cause it to descend to A, and in so doing it 
wfll acquire Telocity sufficient to carry it to B, 
all opposing obstacles being remoTed, such as 
Mction and resistance of the air. GraTitation 

3* 




Fig. 29. 
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will once more bring it down to A ; it will then rise again to C, and so con- 
tinue to oscillate backward and forward. 

If we now suspend the ball by a string, or -j^^ 3q^ 

wire, in such a manner that it will swmg 
freely, its motions will be the same as that "^ 

of the ball rolling upon the curve. A body 
thus suspended is called a Pendulum. In 
Fig. 30, D C, the part of the circle through 
which the pendulum moves, is called its arc^ 
and the whole movement of the ball from D /' 

to is called an oscillation. 

How do the llS.Thetimesofthe / 

bSonB*'o7a vibrations of a pen- / 

Pe"JS^::S" dulum, are very nearly ^^^ I \Q 

other? equal,- whether it ""^^^^^^^ 

moves much or little ; or, in ^ 

other words, through a greater, or less part of its ^>c. 

„ , . ^, The reason that a large vibration is performed in the same 

Explain the ^. „ • ^, , , , , 

reason of this tmie as a small one, or, m other words, the reason the pendu- 

1*^' lum always moves faster in proportion as its journey is longer, 

is, that in proportion as the arc described is more extended, the steeper are 

the declivities through which it falls, and the more its motion is accelerated. 

Thus, if a pendulum, Fig. 30, begins its motion at D, the accelerating force is 

twice as great as when it is set free at b ; and if we take two pendulums of 

equal lengths, and liberate one at D and another at b at the same time, they 

will arrive at the same moment at B. 

_ , , . 116. This remarkable property of the pendulum enables us 

How docs this ^ ^ -^ - i. i i.^.- a j i tf 

property of the to employ it as a register, or keeper of time. A pendulum of 

pendulum en- invariable length, and in the same location, will always make 
ableustoreg- , , « .,i .. ■ , .. «„ 

istertime? the same number of oscillations m the same time. Thus, if 

we arrange it so that it will oscillate once in a second, sixty 
of these oscillations will mark the lapse of a minute, and 3,600 an hour. 

A common clock is, therefore, merely an arrangement for 
moif clock?™' registering the number of oscillation^ which a pendulum 

makes, and at the same time of communicating to the pendu- 
lum, by means of a weight, an amount of motion sufficient to make up for 
what it is continually losing by friction on its points of support, and by the 
resistance of the air. 

The wheels of the clock turn round by the action of the weight, but they 
are so connected with the pendulum, that with every double oscillation a tooth 
of the last wheel is allowed to pass. If, now, this wheel has thirty teeth,, as 
is common in clocks, it will turn round once for every sixty vibrations. And, 
if the axis of this wheel project through the dial-plate or face of a clock, with 
a hand fastened on it, this hand will be the second hand of the clock. The 
other wheels are so connected with the first, and the number of teeth so pro- 
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portioned, that the second one turns sixty times slower than the first, and 
this will be the minute hand ; a third wheel moving twelve times slower than 
the last will constitute the hour hand. 

Hoir does a '^ watch diflera from a clock in havmg a vibrating wheel in- 
watch differ Stead of a vibrating pendulum. This wheel, called the balance^ 
from a dock? wheel, is moved by a spring, which is always forcing it to a 
middle position of rest, but does not fix it there, because the velocity ao- 



FiG. 31. 




^" 



quired during its approach from 
either side to the middle position, 
carries it just as far past on the 
other side, and the spring has to 
beg^n its work again. The bal- 
ance-whed at each vibration allows 
one tooth of the adjoining wheel to 
pass, as the pendulum does in a dock, and the record of the beats is pre- 
served by the wheels which follow, as already explained for the clock. 

Fig. 31 represents the arrangement used to keep up the motion in a watch. 
The barrel, or wheel A, incloses a spring, which, when compressed by wind- 
ing up, tends to liberate itself or unwind, in virtue of its elasticity. This 
effort to unwind, turns the barrel upon its axis, and thus, by means of a chain 
coiled round it, motion is communicated to the other wheels of the watch. 



What infln- 
ence has the 
length of a pen- 
dalam on its 
time of vibra- 
tion? 



117. The length of a pendulum influences 
the time" of its vibration ; the longer the pen- 
dulum the slower are its vibrations. 

The reason why long pendulums vibrate more slowly than 
short ones is, that in corresponding arcs, or paths, the ball of 
the long pendulum has a greater journey to perform, without having a steeper 
line of descent 

What Is the ^^^* ^^^^ ^^^ ^ pendulum rod, Fig. 32, A D, having balls 

center of oscil- upon it at C and D, and cause it to vibrate, the ball, B, being 
d*i5am*?* ^^' ^6^^*©^ to tb© point of suspension, will tend to perform 
its oscillations more quickly than the ball C. In like 
manner, every other point on the pendulum rod tends to complete its 
oscillations in a different time ; but as they are all connected together 
inflexibly, all are compelled to perform their oscillations in the same 
time. But the action of the portions of the rod near to the ball, B, 
is to accelerate the motion of the pendulum, and the action of the . 
portions of the rod near to the ball 0, is to retard it ; therefore a pomt 
may be found where all these counteractions will balance one an- 
other, or be neutralized, and this point is termed the Center op Os- 
cillation, and the sum of the momenta of all the portions of the 
rod on each side of this point will balance. The center of oscillation 
does not correspond with the center of ^avity, but is always a little 
below it ; the practical method of bringing them near together, is to 
make the rod light, and the termination of the pendulum heavy. ^ 



A® 



BQ 
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HoTT are the 
changes in the 
length of pen- 
dolums coun- 
teracted ? 



Fig. 33. 



whydo clocks H^- -^^ hesit expands, and cold contracts 
Sdnti^thLi iS 3,11 metals, a pendulum rod is longer in warm 
Bommer? ^j^g^j^ j^ ^j^jj wcather ; hence, clocks gain time 

in winter, and lose in the summer. 

As the Bmallest change in the length of a 
pendulum alters the rate of a clock, it is highly 
important, for the maintaining of uniform time, 
that the expansion and contraction of pendu- 
lums, caused by changes in temperature, 
should be counteracted. For this purpose various contriv- 
ances have been employed. The one most commonly em- 
ployed at the present time is the mercurial pendulum, which 
is constructed as follows : The pendulum rod, A B, Fig. 33, 
supports a glass jar, G H, containing mercury, inclosed in a 
Bteel frame- work, F C D E. When the weather is warm, the 
Fig 34. ^^^^ ^^ ^^^ frame-work expand, and thus in- 
crease the length of the pendulum, and de- 
press the center of oscillation. But, at the 
same time, the mercury contained in the jar also 
expands, and rises upward; and thus, by a 
proper adjustment, the center of oscillation is 
carried as far upward in one direction, as down- 
ward in the opposite direction, or the expansion 
in both directions is equal, and the vibrations 
of the pendulum remain unaltered. Another form of pendu- 
lum, called the "gridiron pendulum," Fig. 34, is composed of 
I rods of dilTerent metals, which expand unequally under the same 
changes of temperature, and, by counteraction, keep the length 
of the pendulum constant. 

120. As the force of gravity determines how 
long the pendulum shall be in falling down its 
arc, and the time also of its rising in the op- 
posite direction (since the ball of the pendu- 
lum, as already stated, may be considered as a body de- 
scending by its weight on a slope), it follows, that the time 
of vibration of a pendulum, will vary as the attraction of 
gravity varies. 

The same pendulum will vibrate more slowly at the equa- 
tor than at the poles, because the attraction of gravitation is 
less powerful at the equator. Therefore a pendulum to vi- 
brate once in a second, must be shorter at the equator than 
at the poles. Corresponding results take place when a pen- 
dulum is carried to a mountain-top, away firam the center of the earth, which 





How do the 
variatioos in 
the force of 
gravity affect 
the vibrations 
of a pendulum? 



Where will a 
pendulum of a 
given length 
vibrate slow- 
est, and where 
the fastest ? 
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Is the center of attraction, or when carried to the bottom of a mine, where 
it is attracted both hy matter above it and below it 

What is the 121. The length of a pendulum that will 
Ifnd^^**J^n*Jl describe sixty oscillations in a minute, each 
^^' oscillation having the duration of a second, 

is, in the latitude of Greenwich, England, 39.1393 inches 
in length ; one to vibrate in half seconds must measure 
9.7848, or rather more than 9 J inches. 

At the pole it would require to be somewhat longer ; at the equator some- 
what shorter. A pendulum that vibrated seconds at Paris, was found to re- 
quire lengthening .09 of an inch in order to perform its vibrations in the same 
time at Spitzbergen. 

How may fhe 122. The length of a pendulum vibrating 
jTn^^^^iS^ seconds being always invariable at the same 
l"TtendaM^S place, since the attraction under the same 
measure? circumstanccs is always the same, it may be, 
used as a standard of measure. 

This application has already been described underthe section Weight (§ 6T). 

The duration of the oscillation of a pendulum is not affected by altering tlie 
weight of the ball, since all bodies moving over the same space, \mder the 
influence of gravitation, acquire equal velocities. 

Hov do the 123. The lengths of different pendulums, 
dui?ml?ibra'tl vibrating in unequal times, are to each other 
timMc^mpiSLS ^^ ^^^ squares of the times of their vibration. 

Thus a pendulum, to vibrate once in two seconds, must 
have four times the length of one that vibrates once in one second ; to vibrate 
once in three seconds, it must have nine times the length, etc. — ^Ihe duration 
of the oscillation being as the whole numbers, 

1, 2, 3, 4, 5, 6, T, 8, 9. ' 
The length of the pendulum will be as their squares. 

1, 4, 9, 16, 25, 36, 49, 64, 81. 
A pendulum, therefore, that will vibrate once in nine seconds, must have 
a length of 81 times greater than one vibrating once in one second. 

PRACTICAL PROBLEMS ON THE THEORY OF FALLING 
BODIES. 

1. A stone let fall from the top of a tower struck the earth in two seconds; how high 
was the tower ? ^^ *--f 

2. How far will a hody acted upon hy gravity alone, fall in ten seconds ? 

3. How deep is a well, into which a stone being dropped, reaches the surface of the 
water in two seconds, the depth of the water in the well being ten feet? "■^ ^ 
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4. If a body be projected downward with a Telocity of twenty-two feet in the flrrt see- 
ond of time, how far will it faU in eight seconds ? /•« . ^ ^ 

The multiple in this case will be the distance fallen through in the first second. 

5. What space will a body pass throngh in the fourth second of its time of faUng ? '/ ^ 

6. A body &Il8 to the ground in eight seconds ; how large a space did it pass over dur- 
ing the last second of its descent? ^ ' 

7. A body falls from a height in eight seconds ; with what velocity did it strike the 
ground f 

8. A cannon-ball fired upward, continued to rise for nine seconds; what was Its velocity 
during the first second, or with what force was it projected ? 

9. Suppose a bullet fired upward from a gun returned to the earth in sixteen seconds ; 
how high did it ascend ? 

The time occupied in ascending and descending being equal, the body rose to such a 
height that it required eight seconds to descend from it The square of 8=64. This 
multiplied by the space it would fall in the first second, 16 feet = 924 feet 

10. A bird was shot while flying in the air, and full to the ground in three seconds. 
How high up was the bird when it was shot ? 

11. What must be the length of a pendulum to vibrate once in seven seconds ? 

12. If the length of a pendulum to vibrate seconds at Washington is 39.101 inches, how 
long must it be to vibrate half seconds? How long to vibrate quarter seconds? 
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CHAPTER V. 

MOTION. 



What is Mo- 



124. Motion is the act of changing place. 

tion ? If no motion existed, the universe would be dead. There 

would be no alternation of the seasons, and of day and night ; no flow of 
water, or change of air; no sound, light, heat, or animal existence. 

125. Motion is Absolute or Eelative. 
solute and Rei- ABSOLUTE MoTiON is a chanffo of position in 

ative Motion? ., , -ii i n ^ 

space, considered without reierence to any- 
other body. Eelative Motion is motion considered in 
relation to some other body, which is either in motion or 
at rest. 

Thus the motions of the planets in space are examples of Absolute Motion, 
but the motion of a man sitting upon the deck of a vessel, while sailing, is 
an example of Relative Motion, since he is in motion as respects the land, 
but at rest as regards the parts of the vessel. Rest, which is the opposite 
of motion, so far as we know, exists only relatively. "Wc say a body on the 
surface of the earth is at rest, when it maintains a constant position as re- 
gards some other body ; but at the same time that it is thus at rest, it partakes 
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of the motion of the earth, which is alwaya revolving. We do not, therefore, 
really know any body to be in a state of absolute rest 

Define Uni- 126. A moving body may have a Uniform 
SiSe Motila or a Variable Motion. Uniform Motion is 
the motion of a body moving over equal 
spaces in equal times. Variable Motion is the mo- 
tion of a body moving over unequal spaces in equal 
times. 

What is Ac- 127. When the spaces passed over in equal 
BiSJdld Mo^ times increase, the body is said to possess Ac- 
**®**^ CELERATED MoTiON ; when they diminish, the 

body is said to possess Ketarded Motion. 

A stone falling through the air is an example of Aocelerated Motion, since, 
acted upon by the force of gravity, its rate of motion constantly increases ; 
while the ascent of a stone projected from the hand, is an example of Re- 
tarded Motion, its upward motion continually decreasing. 

What Is Power 128. Whcu a body commences to move from 
IS^? ^^^*' a state of rest, we assign some force as the 
cause of its motion ; and a force acting in such 
a manner as to produce motion, is generally termed 
" Power.'' On the contrary, a force acting in such a way 
as to retard a moving body, destroy its motion, or drive 
it in a contrary direction, is termed Resistance. The 
chief forces which tend to retard or destroy the motion of 
a body are Gravitation, Friction, and Resistance of 
THE Air. 

What is ve- 129. The speed, or rate, at which a body 
locity? moves, is termed its Velocity. 

Moving bodies pass over their paths with different degrees of speed ; one 
may pass through ten feet in a second of time, and another through a hun- 
dred feet in the same period. We say, therefore, that they have different 
velocities. 

The velocity of a moving body is estimated by the tune it occupies in 
moving over a ^ven space, or by the space passed over in a given time. The 
less the time and the greater the space moved over in that time, the greater 
the velocity. 

Hov do we 130. To ascertain the Velocity of a mov- 
Y^i^j of^l i°g tody, divide the space passed over by the 
moving body? ^jj^g cousumcd iu moviug over it. 
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Thiw, if a body moves 10 mfles in 2 hours, its velocity is found by di- 
viding the spacOi 10, by the time, 2 ; the answer, 6, gives the veiocity per 
hour. 

How can we 131. To ascertain the Space passed over by 
^''^TOd a moving body, multiply the velocity by the 

in motion? lUne. 

Thus, if the velocity be 10 miles per hour, and the time 16 
hours, .the space will be 10 multipUed by 15, or 150 miles. 

How is the 132. To ascertain the Time employed by a 

b^ a ^*dy* to l^<iy ^^ motion, divide the space passed over 

g^on^aacer. by the VCloClty. 

Thus, if the space passed over be 150 miles, and the ve- 
locity 10 miles per hour, the whole time employed will be 150 divided by 
10=15 hours. 

What is Mo- 133. The Momentum of a body is its quan- 
mentum? ^j^y ^f motioD. Momentum expresses the 
force with which one body in motion would strike against 
another. 

That a mass of matter moving in any manner exerts a cer^ 
^omentmn.*'^ tain force against any object with which it may come in con- 
tact, is a principle of Natural Philosophy which experience 
teaches us most frequently and most readily. The child has hardly emerged 
from the nurse's arms, before it becomes conscious of the force with which 
it would strike the ground if it fell. We take advantage of momentum, or 
the force of a moving body, in almost all mechanical operations. The mov- 
ing mass of a hammer-head drives or forces in the nail, shapes the iron, breaks 
the stone ; the force of a moving mass of water gives strength to a torrent 
and turns the wheel ; the force of a movmg mass of air gives strength to the 
wind, carries the ship over the ocean, forces round the arms of a wind-mill. 

Is motion im- 134. Whcu a body is caused to move, the 
Se*^Vrtick8 i^otioii is not imparted simultaneously to 
toe*Mme^iS- ^vcry particlc of the body, but at first only to 
stent? the particles which are directly exposed to the 

influence of the force — for instance, of a blow. From 
these particles, it spreads to the rest. 

_ A slight blow is sufficient to smash a whole pane of glass, 

iUastrste this While a bullet from a gun will only make a small roimd hole 
***^*^ in it, because, in the latter case, the particles of glass that re- 

ceive the blow are torn away from the remainder with such rapidity, that the 
motion imparted to them has no time to spread further. A door standing open, 
which would readily yield on its hinges to a gentle push, is. not moved by a 
cannon-ball passing through it. The ball, in passiog through ov^comes the 
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whole foroe of cohesion among the atoms of wood, but Its force a(^ts for so 
short a time, owing to its rapid passage, that it is not sufficient to aflect tlio 
inertia of the door to an extent to produce motion. The cohesion of the p:irt 
of the wood cut out by the ball would have borne a very great weight laid 
quietly upon it; but supposing the ball to fiy at the rate of 1200 feet in a 
second, and the door to be one inch thick, the cohesion being allowed to act 
for only the minute fraction of a second, its influence is not perceived. 

It is an effect of this same principle, that the iron head of a hammer may be 
driven down on its wooden handle, by striking the opposite end of the 
handle against any hard substance with force and spaed. In this very simple 
operation, the motion is propagated so suddenly through the wood of the ban- 
die, that it is over before it can reach the iron head, which therefore, by its 
own inertia, sinks lower on the handle at every blow, which drives the ban- 
die up. 

How is the Mo- 135. The Momentum, or force, which a mov- 
gwitam^f^^a jjjg i^Q^jy exerts, is estimated by multiplying 
^^^ its mass or quantity of matter by its velocity. 

Thus, a body weighing 10 pounds, and moving with a velocity of 600 feet 
in a second, ynJl have a momentum of (10X500) 5,000. 

What eonnec ^^^' ^^® vclocity being the same, the mo- 
SSwin *^tt3 mentum, or moving force of a body, will be 
Momentum ^of dircctly proportionate to the mass, or weight ; 
TOghtandve- and the mass or weight remaining the same, 
the momentum will be directly proportionate 
to the velocity. 

Thus, if 2 leaden balls, each of 6 pounds* weight, move with a velocity of 
5 miles per minute, the momentum, or striking force of each, will be 25 ; 
if now the two balls, molded into one of 10 pounds' weight, move with the 
same velocity of 5 miles per minute, the momentum, or striking force, will 
be 50, since with the same velocity the mass, or weight, will be doubled. It, 
on the contrary, we double the velocity, allowing the weight to remain the 
same, the same effect will be produced ; a ball of 5 pounds, with a vclocity 
of 5, will have a momentum, or striking force, of 25 ; but a ball of 5, with a 
velocity of 10, will have a momentum of 50. 

How can a 137. A Small, or Ught body, may be made 
^ain^^miSe ^ Strike with a greater force than a heavier 
wmrfOTcewa ^^Yj ^7 giving to the small body a sufficient 

large one? VClocity. 

Illustrations of these principles are most familiar. Ilail-stone!^ of small 
mass and great velocity, strike with sufficient force to break glass, and de- 
stroy standing grain ; a ship of huge mass, moving with a scarcely percept- 
ible velocity, crushes in the side of the pier with which it comes in contact 
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SECTION I. 

ACTION AND REACTION. 

,^ ,. , 138. When a body communicates motion 
by Action and to another Dodv, it loses as much of its own 

momentum, or force, as it gives to the other 
body. We apply the term Action to designate the power 
which a body in motion has to impart motion, or force, to 
another body ; and the term Reaction to express the 
power which the body acted upon has of depriving the 
acting body of its force, or motion. 
What is the 139. Thcrc is no motion, or action, in the 
^ttJniSdite' universe without a corresponding and oppo- 
**^°^ ^ site action of equal amount ; or, in other words. 

Action and Reaction are always equal and opposed to 
each other. 

What are H- ^^ * person presses the table with his finger, he feels a re- 
iQBtratioos of sistance arising from the reaction of tlie table, and this coon- 
action ?*'^*^*^ ter-pressnre is equal and contrary to the downward pressure. 

When a cannon or gun is fired, the explosion of the powder 
which gives a forward motion to the ball, gives at the same time a backward 
motion, or " recoil," to the gun, A man m rowing a boat, drives the water 
astern with the same force that he impels the boat forward. 

To what is the ^^O. The quantity of motion in a body is 
mo*t?o*n^ta^ a mcasurcd by the velocity and the quantity of 
tioSter^**'" matter it contains. 

A canuon-ball of a thousand ounces, moving one foot per 
second, has the same quantity of motion in it as a musket-ball of one ounce, 
leaving the gun with a velocity of a thousand feet per second. The momen- 
tum, or quantity of motion, in the musket-ball being, however, concentrated 
in a very small mass, the efiTect it will produce will be apparently much 
greater than that of the cannon-ball, whose motion is diffused through a very 
large mass. This explanation will enable us to understand some phenomena 
which at first appear to contradict the law, that action and reaction are always 
equal, and opposed to each other. 

Thus, when we fire a bullet from a gun, the gun recoils back with as much 
force as the bullet possesses, proceeding in an opposite direction. The reason 
the effects of the gun are not equally apparent with those of the ball, is that 
the motion of the gun is diffUsed through a great mass of matter, with a 
small velocity, and is, therefore, easily checked ; but in the ball the motion 
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is concentrated in a very small compass, with a great velodly. A gun recoils 
more with a charge of fine shot, or sand, than with a bullet The explanation 
of this is, that with a ball the velocity is communicated to the whole mass 
eU oncey but with small shot, or sand, the velocity communicated by the ex- 
plosion to those partides of the aubstamce vrnmediaiely in contact wUh the powder ^ 
is greater than that received at the aame instcuU by the tnUer particles; con- 
sequently, a larger proportion of explosive force acts momentarily in an oppo- 
site direction. 

Pig. 36. 



\ 




We have an illustration of this same principle, when we attempt to drive a 
nail into a board having no support behind it, or not sufficiently thick to offer 
the necessary resistance to the moving force of the hammer, as is repre- 
sented in Fig. 36. The blows of the hanmier will cause the board to unduly 
yield, and if strong enough, will break it, but wiU not drive in the naiL The 
object is attained by applymg behind the board, as in Fig. 36, a block of wood, 

FiQ. 36. 
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or metal, against which the blows of the hammer will be directed. By 
adopting this plan, however, no increased resistance is opposed to the blows 
of the hammer, the momentum, or moving force of which is equally imparted 
in both cases ; but in the first case, the momentum is received by the board 
alone, which, having little weight, is driven by it through so great a space 
as to produce considerable flexure, or even fracture ; but in the second case, 
the same momentum being shared between the board and the block behind it, 
will produce a flexure of the board as much less as the weight of the board 
and block applied to it together, is greater than the weight of the board alona 
The same principle serves to explain a trick sometimes exhibited in 
feats of strength, where a man in a horizontal position, his legs and 
shoulders being supported, sustains a heavy anvil upon his chest, which 
is then struck by sledge-hammers. The reason the exhibitor sustains no 
injury from the blows, is that the momentum of the sledge is distributed 
equally through the great mass of the anvil, and gives to the anvil a down- 
ward motion, just as much less than the motion of the sledge, as the mass of 
the sledge is less than the mass of the anvil Thus, if the weight of the an- 
vil be 100 times greater than the weight of the sledge, its downward motion 
upon the body of the exhibitor will be 100 times less than the motion with 
which the sledge strikes it, and the body of the exhibitor easily yielding to 
80 slight a movement, and also resisting it by means of the elasticity of the 
body, derived from its peculiar position, escapes without injury. 

Who. I 18 the 141. When two bodies come in contact, the 
boS'iid to collision is said to be direct, when a right line 
be direct? passing thiough their centers of gravity passes 
also through the point of contact. 

The center of gravity in such cases corresponds with the center of col- 
lision ; and if such a center come against an obstacle, the whole momentum 
of the body acts there, and is destroyed ; but if any other part hit, the body 
only loses a portion of its momentum, and revolves round the obstacle as a 
pivot, or center of motion. 

When two in. 142. When two non-elastic bodies, moving 
^^fato^SS; in opposite directions, come into direct collision, 
umon,whatoc- ^hcj wiU cach lose an equal amount of mo- 
mentum. 

Hence, the momentum of both after contact, will be equal to the diCTerence 
of the momenta of the two before contact, and the velocity after contact will 
be equal to the difference of the momenta divided by the whole quantity of 
matter. Let the quantity of matter in A be 2, and its velocity 12 ; its mo- 
mentum is, therefore, 24. Let the quantity of matter in B be 4, its velocity 
3; its momentum will be 12. The momentum of the mass after contact, on 
the supposition they move in opposite directions and come in direct col- 
lision, will be the difference of the two momenta, or 12 ; and the velocity of 
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the mass will be its momentum divided by the quantity of matter, or 12 di- 
vided by 6, which is 2.* 

If two non-elastic bodies, as A and B, Fig. 3T, be' suspended from a fixed 
point, and the one be raised toward T, and the other toward X, an equal 
amount, they will acquire an equal force, or momentum, in falling down the 



Explain the re- 
sults of the col- 
lision ot inelas- 
tic bodies. 



Fig. 37. 



To what will 
the shock of 
collision of two 
bodies coming 
in contact be 
equivalent ? 



arc, provided their massc.^ are equal; 

and will by coutnct destroy each 

other's motion, and come to rest. 

If their momenta are unequal, they 
wiU, after contact move on together, in the direction 
of the body having the largest quantity of motion 
with a momentum equal to the difference of the 
momenta of the two before collision. 

143. The force of the 
shock produced by two x 
equal bodies coining in.^ 
contact with equal velocity, 

will be equal to the force which either, being at rest, would 
sustain, if struck by the other moving with double the 
velocity ; for reaction and action being equal, each of the 
two will sustain as much shock from reaction as from ac- 
tion. 

If a person running, come m contact with another who is 
^^prMplf*** standing, both receive a certain shock. If both be running 
at the same rate in opposite directions, the shock is doubled. 
In combats of pugilists, the most severe blows are 
those struck by fist against fist, for the force sustained 
by each in such cases, is equal to the sum of the 
forces exerted by the two arms. If two ships, mov- 
ing in contrary directions at the rate of 20 miles per 
hour, come in collision, the shock will be the same as 
if one of them, being at rest, were struck by the 
other, moving at 40 miles per hour. 

144. If we suspend two balls of ^ 
some non-elastic substance, as clay or 
putty, by strings, so that they can 
move fireely, and allow one of the 
balls to fall upon the other at rest, it will communicate to 

it a part of its motion, and both baUs, after colUsiou, will move on together. 



Fig. 38. 



If one inelastic 
body comes In 
contact with 
another at rest, 
what occurs? 




• Tliis whole subject, usually considered dry and uninteresting, will be found to possess 
a new interest, if the student will make himself a few simple experiments, by suspending 
leaden balls by the side of a graduated arc, as in Fig. 37, and allow them to fall under 
different conditions. The length of the arc through which they fall will be found to be 
an exact measure of the foroe with which they will strike. 
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The quantity of motion will remain unchanged, the one having gamed aa 
much as the other has lost ; so that the two, if equal, will have half the ve- 
locity after collision that the moving one had when alone. Fig. 38 represents 
two balls of clay, B and D, non-elastic, of equal-weight, suspended by strings. 
If the ball D be raised and let fall against the ball E, a part of its motion will 
be communicated to E, and both together will move on to e d 
When two 14;6. If we suspend two balls, A and B, Fig. 39, of some 

come totowS' elastic substance, aa ivory, and allow them to fall with equal 
lision^whatoo- masses and velocities from the points X and Y on the arc, 
*""' they will not come to rest after collision, but will recede 



Fia. 39. 



What ooca- 
sionB the dif- 
ference in the 
results of the 
collision of 
elastic and non- 
elastic bodies? 



•^ 



fix}m each other with the same velocity which each 
had before contact 

The reason of this movement in 
highly elastic bodies, contrary to 
what takes place in non-elastic 
bodies, is this: the elastic sub- 
stances are compressed by the force 
of the shock, but instantly recover- 
ing their former shape in virtue of their elasticity, 
they spring back, as it were, and react, each giving 
to the other an impulse equal to the force which 
caused its compression. 

Suppose the ball A, however, to strike upon the 
ball B at rest ; then, after impact, A will remain at 

rest, but B will move on with the same velocity as A had at the moment of 
contact In this case the reaction of elasticity causes the ball A to stop, and 
the ball B to move forward with the motion which A had at the instant of 
contact 



Fig. 40. 
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The same fact may be illustrated 
by suspending a number of elastic 
balls of equal weight, as represented 
in Fig. 40. If the ball H be drawn 
out a certain distance, and let fall 
upon G, the next in order, it will 
communicate its motion to G, and 
receive a reaction from it, which will 
destroy its own motion. But the 
ball B can not move without moving 
F; it will, therefore, communicate 



the motion it received from G- to F, and receive from F a reaction which will 
stop its motion. In hke manner, the motion and reaction are received by each 
of the balls E, D, 0, B, A, until the last ball, K, is reached ; but there being 
no ball beyond K to act upon it, K will fly off as fiir from A, aa H was 
drawn apart from Gr. 
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SECTION II. 



REFLECTED MOTIOIT. 

What is Re- 146. When any elastic body, as an ivory 
fleeted Motion? jj^jj^ jg thrown against a hard smooth surface, 
the reaction will cause it to rebound from such surface, 
and the motion it receives is called Eeflected Motion. 
147. If the ball be projected perpendicu- 



What is the 
Angle of Inci- 
dence? 



What is the 
Angle of Be- 
flection? 



In what : 

SSving *bodJ larly^ it will rebound in the same direction ; 
be reflected? jf j^ lyQ projected obliqucly, it will rebound 
obliquely in an opposite direction, making the angle of 
incidence equal to the angle of reflection. 

148. The Angle of Incidence is the angle 
formed by the Kne of incidence with a perpen- 
dicular to any given surface. 

149. The Angle of Eeflection is the 
angle formed by the line of reflection with a 
perpendicular to any given surface. 

Fi0. 41. Thus, in Fig. 41, let B E be a smooth, flat 

surfiM». If tlie ball, A, be projected, or thrown 

ji upon this surface, in the direction A C, it will 

rebound, or be reflected, in the direction F. 

In this case, the line A is the line of mci- 

denoe, and the angle A D, which it makes 

with a perpendicular D C, is the angle of inci- 

denca In like manner the Hne G F is the line 

of reflection, and the angle D F the angle of 

reflection. If the ball be projected against the surface, B C, in the direction 

D 0, perpendicular to the surface, it will be reflected, or rebound back in the 

same straight line. 

150. The Angles of Incidence and Ee- 
flection are always equal to one another. 

Thus, in Fig. 41, the angles A C D and F C D are equal 

151. An Angle is simply the inclination of 
the lines which meet each other in a point. 

its Biz8 depend? rpj^^ gj^^ of the angle depends upon the open- 
ing, or inclination, of the lines, and not upon their length. 




What propor- 
tion exists be- 
tween the an- 
gles of incidence 
and reflection ? 

What is an 
Angle, and up- 
on what does 
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L .^!^?* «>?: The skill of the player of billiards and bagatelle depends 
Bista the skiU v.- •, x ,. . ^ , ... /...,. 

of the Game of upon his dexterous application of the pnnciples of incident 

Billiards ? ^nd reflected motion, which ho has learned by long-continued 

experience, viz., that the angle of incidence is always equal to the angle 
of reflection, and that action and reaction are equal and contrary. An illus- 
tration of the skillful reflection of billiard balls is given in Fig. 42, which rep- 
resents the top of a billiard-table. The ball, P, when struck by the stick, Q, 




is first directed in the line P 0, upon the ball P', in such a manner, that being 
reflected fix>m it, it strikes the four sides of the table successively, at the points 
marked 0, and is finally reflected so as to strike the third ball, F^\ At each 
of the reflections fi*om the ball P', and the four points on the side of the table^ 
the angle of mcidence is exactly equal to the angle of reflection. 

152. Imperfectly elastic bodies oppose the 
momentum of bodies in motion more perfectly 
than any others, in consequence of their yield- 
ing to the force of collision without reacting ; 
opposing a gradual resistance instead of a sud- 
den one. 

Hence a feather-bed, or a sack of wool, will stop a bullet much more ef- 
fectually than a plate of iron, torn its deadeningj as it is popularly called, the 
force of the blow. 



Why are Im- 
perfectly elas- 
tic bodies pecu- 
liarly fitted to 
oppose and de- 
stroy momen- 
tum? 



SECTION III. 

COMPOUND MOTION. 

What is Sim- 153. A body acted upon by a single force, 
pie Motion? movcs iu a straight line, and in the direction 
of that force. Such motion is designated as Simple Mo- 
tion. 
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niastrate Sim- '^ ^^^ floating upon the water is driven ezactlj south by 
pie Motion. a wind blowing south. A ball fired from a cannon takes the 
exact direction of the bore of the cannon, or of the force 
which impels it 

What is Com- 1^4. Wlieii a body is acted upon by two 
pound Motion? g^j^^^g ^^ ^j^^ gg^^^ ^^^^^ q^j^^ Jjj different di- 
rections, as it can not move two ways at once, it takes a 
middle course between the two. Such motion is termed 
Compound Motion. 
^nrv . . .V 155. The course in which a body, acted 

What is the , , %l^ 

bS"Lted^u * "pon by two or more forces, acting m different 
T **Lu ^"""^ directions, will move, is called the Resultant, 
or the Resulting Direction. 

j^Q^ 43^ In Fig. 43, if a body, A, be acted upon 

at the same time by two forces, one of 
which would cause it to move in the di- 
rection A Y, over the space A B, in one 
second of time, and the other cause it to 
move in the direction A X, over the space 
A C, in one second; then the two forces, 
a<;ting upon it at the same instant, will 
cause it to move in a Resultant Direction, 
A D, in one second. This direction is the 
diagonal of a parallelogram, which has for its sides the lines A B, A C, over 
which the body would move if acted upon by each of the forces separately. 

156. The operations of every-day life afford numerous exam- 
miiiar Exam- ples of Resultant Motion. If we attempt to row a boat across 
^^iU ^^n?^ ^ rapid river, the boat will be subjected to action of two forces ; 
viz., the action of the oars, which tend to drive it across the 
river in a certain time, as ton minutes, in a straight line, as from A to B, Fig. 
43, and the action of the current, which tends to carry it down the stream a 
certain distance in the same time, as from A to 0. It will, therefore, under 
the influence of both these forces, move diagonally across the river, or in the 
direction A D, and arrive at D at the expiration of the ten minutes. "When 
we throw a body from the deck of a boat in motion, or from a railroad car, 
the body partakes of the motion of the boat or the car, and does not strike at 
the point intended, but is carried some distance beyond it For the same rea- 
son, in firing a rifle from the deck of a vessel moving rapidly, at some object 
at rest upon the bank, allowance must be made for the motion of the vessel, 
and aim directed behind the object. 

157. The principles of the composition and 

What la the - . i ,.^^ , « f. 

Science of Pro- resolutiou 01 diiierent lorces acting upon a 
^ ^ body to produce motion, constitute the basis 
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Whflt is a Pro- 
jectile? 



Fig. 44 



of the Science of Projectiles, or that department of 
Natural Philosophy which considers the motion of bodies, 
thrown or driven by an impelling force above the surface 
of the earth. 

158. A Projectile is a body thrown into 
the air in any direction ; as a stone from the 

Land, or a ball from a gun, or cannon. 

What is the di- ^^ ^® project a body perpendicularly downward, or upward, 
rection of a it will move in a perpendicular line with a uniform accelerated 
'bu^ J^V^ ^^ retarded motion, since the force of gravity and that of pro- 
jection are in the same line of direction. But if a body is 
thrown in a direction oblique to the perpendicular, it is acted upon by two 
forces,* the projectile force which tends to impel it forward in a straight line, 
and the force of gravity, which tends to bring it to the earth. Instead, there- 
fore, of following the direction of the projectile force, the path of the body 
will be a curve, the resultant of the two forces. Such a curve is called a 
Pababola. 

If a cannon-ball is fired firora A to- 
ward B, Fig. 44, in an upward direction, 
instead of moving along the line A B, 
it is, by the influence of the earth's at- 
traction, continually drawn downward, 
and its path is along a line which is in- 
dicated by the parabolic curve A C; 
and although it has been moving on- 
ward from the impulse it lias received 
from the force of the gunpowder, it oc- 
cupies exactly the same time in falling 
to the point C, as if the ball had been allowed to drop from the hand at A, 
and fall to D. 

159. If a ball be projected from the mouth 
of a cannon in a horizontal direction, it will 
reach the earth in precisely the same time as 

a ball dropped from the mouth of the gun. The force 
of gravity is neither increased or diminished by the force 
f)f projection. 

The same fact may be strikingly illustrated by placing a number of marbles 
at unequal distances from the edge of a table and sweeping them off with a 
ruler, or stick : those which are rolled along the farthest will be projected the 
farthest; yet all will strike the floor at the same time. 

* The theoretical laws goyeming the motion of projectiles, as herewith given, are ia 
practise essentially modified by the resistance of the air. 




What effect has 
the projectile 
force on the 
action of gray- 
ity? 
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Fro. 45. Suppose from the point A, Fig. 46, about 240 feet 

above the earth, a ball to be projected in a perfectly 
horizontal Une, A B ; instead of traversing this line, 
it would, at the end of the first second, be found 
that the ball had fallen 15 feet, at the same time it 
had moved onward in the direction of B. Its true 
position would be, therefore, at a; at the end of the 
second second, it would have passed onward, but 
have fallen to 6, 60 feet below the horizontal line ; 
and at the end of the third second, it would havo 
fallen 135 feet below the line, and be at c; and thus 
it would move forward and reach the earth at d 240 feet, in f^^dsely the samo 
time it would have occupied in &lling from A to G. 

An oblique, or horizontal jet of water, is an Yi(k 46. 

instance of the curve described by a body act- 
ed upon by gravity and the force of projection. 
See Fig. 46. 

160. The Range of 
a projectile, is the 
horizontal distance to 

which it can be thrown. 

161. According to 
theory, the range is 
greatest when the angle 

of elevation is 45° ; and is the same for elevations equally 
^above and below 45° ; as for example 70° and 20°. See 
Pig. 4T. 

These conclusions are, however, found to 
be essentially nxxlified in practice by the 
resistance of the air, which not only changes 
the path but the velocity of the projectile. 
With great velocities, as in the case of a 
cannon-ball, the greatest range corres- 
ponds with an elevation of about 30° but 
for slow motions it is near 45^. 

162. The laws of 
projectiles are es- 
pecially regarded in - 
the art of gunnery. 

By knowing the force of the powder which drives the ball, 
the engineer is enabled to direct the cannon, or mortar, 
in such a manner as to cause tl^e ball^ or bomb, to fall 
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How are the 
Laws of Pro- 
jectiles practi> 
cally applied 
in militarj en- 
gineering? 
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upon a particular spot in the distance ; thus producing a 
desired effect without a wasteful expenditure of ammuni- 
tion. 

Fig. 48. 




Fig. 48 represents a bombardment, and the three lines indicate the curves 
made by the balls. If the bombardment had been conducted from an eleva- 
tion, instead of the level surface, the balls would have gone beyond the city, 
as shown by the familiar feet, that we can throw a heavy body to a greater 
distance from an elevation, as the steep bank of a river, than on a plain, or 
level ground. It was on this principle that Napoleon bombarded Cadiz, at the 
distance of five miles, and from a greater elevation, the balls could have been 
thrown to a still greater distance.* 

• The following facts respecting the explosive force of gunpowder, and its application to 
projectiles, will be found interesting and instructive in this connection. The estimated 
force of gunpowder when exploded, is at least 14,750 pounds upon every square inch of 
the surface which confines it Count Rumford showed, by his experiments made about 
€0 years ago, that if the powder were placed in a dose cavity, and the cavity two thirds ^ 
filled, its dimensions being at the same time restricted, the force of explosion would ex- 
ceed 150,000 pounds upon the square inch. 

The force of gunpowder depends upon the £»ct, that when brought in contact with any 
Ignited substance, it explodes with great violence. A vast quantity of pas, or elastic fluids 
is emitted, the sudden production of which, at a high temperature^ is the cause of the 
violent effects which are produced. 

The reason that gunpowder is manufactured in little grains, is that it may explode more 
quickly, by facilitating the passage of the flame among the particles. In the form of dust, 
tlie particles would be too compact. 

The Telocity of balls impelled by gunpowder from a musket with a common charge, hai 
been estimated at about 1,650 feet in a second of time, when first discharged. The utmost 
Velocity that can be ^ven to a cannon-ball is 2,000 feet per second, and this only at th« 
moment of its leaving the gun. ' 

In order to increase the velocity from 1,650 to 2,000 feet, one half more powder is re- 
quired ; and even then, at a long shot, no advantage is gained, since, at the distance of 
500 yards, the greatest velocity that can be obtained is only 1,200 or 1,800 feet per second. 
Great charges of powder are, therefore, not only useless, but dangerous ; for, though they 
give little additional force to the ball, they hazard the lives of many by their liability to 
burst the gun. The velocity is greater with long than with short guns, because the influ- 
ence of the powder upon the ball is longer continued. 

The essential properties of a gun are to confine the eJastiGfiuid generated by the expia- 
tion of the powder as completely as possible, and to direct the course of the baU in a 
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According to the laws which govern the motion of project- 
SuTiw^a^ed ^®^ ^* ^ evident that a gun must be aimed, in order to hit 
to. hit an ob- an object, in a direction above that of the object, more or less, 
iustaace*?^^' according to the distance of the object and the force of the 
charge. With an aim directed, as in Fig. 49, at the object^ 
the ball, moving in a curved path, must necessarily fiUl below it. 

straight, or rectilinear patlL A riile sends a hall more acenrately than a mnsket, beeaoBe 
the hall is in more aoenrate contact with the sides of the barrel than in the case of a com- 
mon musket The ^ae» produced by the di_ferenee of diameter between the baU and the 
bore of the gun^ greatly diminishes the effect of the powder, by allowing a part of the 
elastic fluid to escape before the ball, and also permits the ball to deviate from a straight 
line. The peculiarity and superiority of the new rifle, called the " MInI6 rifle," is to be 
found in the construction of the ball, which, by the act of firing, is made to fit completely 
the barrd, or bore, of the gun. This is accomplished by making the ball of an oblong 
shape and a conical point, with an opening in the base extending up for two thirds the 
length of the balL Into the opening of this internal cylinder there is placed a small eon^ 
cave section ofiron^ which the powder, at the moment of firing, /orces into the leaden 
hall with gi-eat power, spreading it open^ and causing it to fit tightly to the cavity of the 
barrel in its course out, thus giving it a perfect direction. 

Cannon of different sizes are named according to the weight of the ball which they are 
capable of discharging. Thus, we have C8-pounders, 24-pounders, IS-pounders, and the 
lighter field-pieces, from 4 to 12-pounders. The quantity of powder generally used for 
discharging common iron or brass cannon, is one third Uie weight of the balL In gen- 
eral warfare, the effective distance at which artillery can be used is from 600 to 000 yards, 
or flrom a quarter to ha^f a mile. At the batUe of Waterloo, the brigades of artillery were 
stationed about half a mile f^om each other. Cannon-balls and shells can be thrown 
with effect to the distance of a mile and a half to two miles. 

The distance to which a ball may be thrown by a 24.pounder, with a quantity of powder 
equal to two thirds the weight of the ball, is about four miles. Its effective range is, how- 
ever, much less. Were the resistance of the air entirely removed, the same ball would 
be thrown to about five times that distance, or twenty miles. 

It has been found that, by the firing of an 18-pound shot into a butt, or target, made of 
beams of oak, when the charges were 6 pounds of powder^ 3 pounds^ 2^ pounds^ and 1 
pounds the respective depths of the penetration were 42 inches^ 30 inches^ 28 inches^ and 
15 inches ; and the velocities at which the balls fiew, were 1,600 feet in a second, 1,140 
feeU 1,0^ feet, and G50/ec«. 

When the cannon is so pointed that the ball goes peifecQy straight toward the object 
aimed at, the direction is said to be point-blank. Ricochet firing is when the ball is dis- 
charged in such a manner that it goes bounding and skipping along the surface of the 
ground. In this way a ball can bo thrown more effectively, and for a greater distance, 
than in any other way. 

iTiere are several substances known to chemists which possess a greater explosive 
power than gunpowder. It has not, however, been considered possible to increase the 
range and effect of a projectile fired from a gun, or cannon, by using any of them. Sup- 
posing that the guns could be made indefinitely strong, and the gunpowder indefinitely 
powerful, the point would soon be reached where the resistanee which the air opposes to 
a body moving very rapidly would balance the force derived from the explosive compound, 
which drives the projectile forward. Beyond this point no increase of impulsive force 
would urge the projectile farther ; and this limit is considerably within the range of 
power that can be exercised by common gunpowder. Beside this, the strength of mate- 
rials of which guns are made is limited. Practical experience has fully demonstrated that 
the largest piece of ordnance which can be cast perfect, sound, and free from flaws, is a 
mortar 13 inches diameter; and even this weighs five tons. The French, at the siege of 
Antwerp, constructed a mortor having a bore of no less than 20 inches diameter, but it 
burst on the ninth time of firing. 
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Fia. 49. 




Until quite recently, the muskets placed in the hands of soldiers were usu- 
ally aimed so that the line of sight was parallel to the barrel, and directed to 
the object, as in Fig 49. So long as the range of the milsket was of limited 
extent, and great precision was not expected, the deviation of the ball from 
a straight line was not taken into account; but with the introduction of rifles 
throwing a bail to a great distance, the drop of the ball occasioned by the 
curvature of the path of the projectile, was found to deprive the weapon of 
the necessary precision. On all modem guns, therefore, a double sight is 
provided, by which the elevation necessary to secure accurate aim can always 
be given to the barrel This is exhibited in Fig. 50, where one of the sights, 
B, is fixed, in the usual- manner, at one extremity of the barrel, while the 
other is located nearer the breach. This last sight is often graduated and 
provided with an adjustment, by which it can be adapted to objects at dif- 
ferent distances, so as to hit them exactly. 

Fig. 50. 




What -is cir- l^^. CIRCULAR MoTiON is the motion pro- 

caiar Motion? ^uccd by the revolutioii of a body about a 

central point. 

,, , ^. 164. Circular Motion is a species of corn- 

How is circu- ■ . _ . 1,1 

Jr Motion pro- pound motion, and is caused by the continued 

operation of two forces ; — one the force of 

projection, which gives the body motion, tends to cause 

it to move in a straight line ; while the other is continually 

deflecting it from a straight course toward a fixed point. 

Illustrate the "^^^^ ^^^* ^^ illustrated by the common sling, or by swinging 

production of a heavy body attached to a string round the head. The body, 
tionl"^^^ ^^" in this case, moves through the influence of two forces, the 
force of projection, and the string which confines it to the 
hand. These two forces act at right angles iPO one another, and according to 
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the statements already made (§ 155), the path of the moving body will be ft 
resultant of the two forces, or the diagonal of a parallelogram. 

BlOw then, it may be asked, does the body attached to the 
string and whirled round the head, move in a circle ? This 
will be clear, if we consider that a circle is made of an in- 
finite number of httle straight hnes (diagonals of j)arallelo- 
grams) and that the body moving in it, lias its motion bent 
at every step of its progress by the action of the force which 
confines it to the hand This force, however, only keeps it within a certain 
distance, without drawing it nearer to the hand. The two forces exactly 
balancing each other, the courso of the whirling body will be cu-cuJar. 

165. The two forces by which cirouhir mo- 
tion is produced, are called the Centrifugal* 
and Centripetal Forces. f 

166. The Centrifugal Force is that force 
which impels a body moving in a curve to 
move outward, or fly off from a center. 

167. The Centripetal Force is that force 
which draws a body moving in a curve toward 

the center, and assists it to move in a bent, or curvelinear 
course. In Circular Motion the Centrifugal and Centri- 
petal Forces are equal, and constantly balance each other. 

If the Centrifugal Force of a body revolving in a circular 
if^he Centrt- P^*^ ^® destroyed, the body will immediately approach the 
fugal or Cen- center ; but if the Centripetal Force be destroyed, the body 
Me d^lro/ed ? wUl fly off in a straight line, called a tangent. 

Thus, in whirling a .ball attached by a string to the fin- 
ger, the propelling force, or the force of projection, is given by the hand, and 



How may the 
cnrveof a cir- 
cle be consid- 
ered as equiva- 
lent to the 
diagonal of a 
parallelogram ? 



What are the 
two forces 
which produce 
Circular Mo- 
tion called i 



What is Cen- 
trifugal Force f 



What is Ci3n- 
ti ipetal Force ? 



FlQ. 51. 



the Centripetal Force is exhibited in the stretching, or 
tension of the string. If the string breaks in whirUng, 
the Centripetal Force no longer acts, and the ball, by 
the action of the Centrifugal Force, generated by the 
I whirling motion, flies off in a tangent, or straight line, 
as is represented in Fig. 51. . I^ on the contrary, the 
whirling motion is too slow, the Centripetal Force pre- 
ponderates, and the ball falls in toward the finger. 
Familiar examples of the effects of Centrifugal Force 
are common m the experience of every-day life. 

__, ^ - The motion of mud flyino: from the rim of a coacli-wlieel, 

W»Tt; are fa- ^ " 

miliar iiiustra- moving rapidly, is an illustration of Centrifupjal Force. Fig. 

fS Force^r' ^- represents a conch- wheel throwing off mud ; a the point at 
which the mud flies off; a &, the straight Une in which it 
• Centrifugal, compounded of center, and "/ugr^o," to fly oft 
t Centripetal, compounded of center and "patOt* to seek. 
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would moYo but for the action of the two forcesi which compel it to kHaw 
the parabolic curvo, a c. 

Fig. 52. 




The nrad sticks to the wheel, in the first instance, through the force of ad- 
heaon ; but this force, being very weak, is overcome by the Centrifugal Force, 
and the particles of mud fly ofll The particles which compose the wheel it- 
self would also fly ofif in the same mamner, were not the force of cohesion 
which holds them together stronger than the Centrifugal Force. 

The Centi'ifugal Force, however, increases with the velocity 
of revolution, so that if the velocity of the wheel were contin- 
ually increased, a pomt would at last be reached, when the 
Centrifugal Force wonld be more powerful than the force of 
cohesion, and the wheei would then fly in pieces. In this 
way almost all bodies can be broken by a sufficient rotative 
velocity. Large wheels and grind- 



Under -what 
circnmstances 
win the Cen- 
trifugal Force 
overcome the 
Force of Cohe- 
sion? 



Fio. 53. 




stones, revolving rapidly, aot infre- 
quently break from this cause, wd the 
pieces fly off with immense force and 
velocity. 

When we whirl a mop, the water 
flies off from it by the action of the 
Centrifugal Force. . The fibers, or 
threads, which compose the mop, also 
tend to fly off, but being confined at 
one end, they are unable so to do. 
They, therefore, assume a spherical 
form, or shape. 

The fact that water can be made to 
fly off from a mop, by the action of the 
Centrifugal Force produced by whirling 
it, has been most ingeniously applied 
in a machine for drying cloth, called 
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the hydro-extractor (water-extractor), Fig. 53. The machine consists of a 
large hollow wheel, or cylinder, A A, turning upon an axis, B. The sides 
and bottom of the wheel are pierced ^-itii holes like a 
sieve. The wet cloths being in and around the sides, 
A, the wheel is caused to revolve with great rapidity, and 
the water contained in the material, by the action of tho 
Centrifugal Force, flies out, and escapes through tlie 
apertures left in the sides of the wbeeL A rotation 
of 1500 times per minute, is sufficient to almost en- 
tirely dry the cloth, no matter how wet it may have been 
originally. 

When a bucket of water, attadied to a string, is 
whirled rapidly round, the water does not fall out when 
the mouth is presented downward, ance the Centrifugal 
Force imparted to the water by rotation, tends to cause 
it to fly off firom the center, and this overcomes, or bal- 
ances, the attraction of gravitation, whidi tends to cause 
the water to fall out, or toward the center. Thus, in 
Fig 54^ the water contained in the bucket which is up- 
side down, has no support under it, and if the bucket 
were kept stUl in its inverted position for a single mo- 
ment the water would &11 out by its own weight, or, in 
other worda^ by the attraction of gravitation, which rep- 
resents a Centripetal Force ; but the Centrifugal Force, 
which is caused by the whirling of the bucket in the di- 
rection of the arrow, tends to drive the water out throagh 
the bottom and side of the vessel, and as this last force 
overcomes, or balances the other, the water retains its 
place, and not a drop is spilled. 

When a carriage is moved rapidly round a comer, it is 
very liable to be overturned by the Centrifugal Force 
called into action. The inertia carries the body of the 
vehicle forward in the same line of direction, while the 
I wheels are suddenly pulled around by the horses into a 
new one. Thus a loaded stage running south, and sud- 
denly turned to the east, thro>vs out the luggage and 
passengers on the south side of the road. When railways form a rapid curve, 
the outer rail is laid higher than the inner, in order to counteract the Centri- 
fugal Force. 

An animal, or man, turning a comer rapidly, leans in toward the «omer or 
center of the curve in which he is moving, in order to resist the action of 
the Centrifugal Force, which tends to throw hira away from the center. 

In all equestrian feats exhibited in the circus, it will be observed that not 
only the horse, but the rider, inclines his body toward the center, Fig. 55, and 
according as the speed of the horse round the ring is iccreased, this inchna- 
tion becomes more considerable. When the horse walks slowly round a Isrge 
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ring this inclination of his body is imperceptible ; if he trot, there is a visible 
inclination inward, and if he gallop, ho iuchnes still more, and when ui^ed to 
full speed he leans very far over on his side, and his feet will be heard to 
strike against the partition which defines the ring. The explanation of all 
this is, that the Centrifugal Force caused by the rapid motion around the 
ring tends to throw the horse out o^ and away from, the circular course, and 
this he counteracts by leaning inward. 

Fia. 55. 




How do the 
motions of the 
solar system il- 
lustrate the ac- 
tion of Centri- 
fugal and Cen- 
tripetal Forces ? 



The most magnificent exhibition of Centrifugal and Centri- 
petal Forces balancing each other, is to be found in the ar- 
rangements of the solar system. The earth and other planets 
are moving around a center — the sun, with immense veloci- 
ties, and are constantly tending to rush off" into space, by the 
action of the Centrifugal Force. They are, however, restramed 

within exactly determined limits by the attraction of the sun, which acta 

as a centripetal power drawing them toward the center. 

What is the 168. The Axis of a body is the straight line, 
Axisof a body? ^^^-y or imaginary, passing through it, on which, 
it revolves, or may revolve. 

169. When a body rotates upon an axis, all 
its parts revolve in equal times. The velocity 
of each particle of a revolving body increases 
with its perpendicular distance from the axis, 
and as its velocity increases, its Centrifugal Force in- 
creases. 

A moment's reflection will show, that a point on the outer part, or rim, of 
a wheel, moves round the axis in the same time as a point nearer the center, 
as upon the hub. But the circle described by the revolution of the outer part 



Whon a body 
revolves round 
its Axis, what 
peciiliaritins 
do its sevpral 
parts exhibit ? 
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FlO. 56. 






of the wheel is much larger than that described by the inner part, and as 
both move round the center in the same time, the outer part must move with 
a greater velocity. 

What cflfect 170. If the particles of a rotating body have 
of c^tiifi?^ freedom of motion among themselves, a change 
fX fi^%"& in the figure of the body may be occasioned by 
^^y^ the difference of the Centrifugal Force in the 

different parts. 

A ball of soft clay, with a wire for an axis, forced through its center, if made 
to turn quickly, soon ceases to be a perfect balL It bulges out in the middle, 
where the Centrifugal Force is, and becomes flattened toward the ends, or 
where the wire issues. 

This change in the form of 
revolving bodies may be illus- 
trated by an apparatus repre- 
sented in Fig. 56. This con- 
sists of an elastic circle, or hoop, 
fastened at the lower side on a 
vertical shaft, while the upper 
side is free to move. On turn- 
ing the wheels, so arranged as 
to impart a very rapid motion 
to the shaft and hoop, the hoop 
will be observed to bulge out 
in the middle (owing to the 
Centrifugal Force acting with 
greater intensity upon those parts furthest removed from the axis) and to be- 
come flattened at the ends. 

What is the ^^^' ^he earth itself is an example of the operation of this 

cause of the force. Its diameter at the equator is about twenty-six miles 
of tluTearST* greater than its polar diameter. The earth is supposed to 
have assumed this form at the commencement of its revolu- 
tion, through the action of the Centrifugal Force, while its particles were in a 
semi-fluid, or plastic state. In Fig. 57 we -pj^ 5^ 

have a representation of the general figure of 
the earth, in which N S is the polar diameter, 
and also the axis of rotation, and E W the 
equatorial diameter. 

What is the ^^^' ^* *^^ ^""^^^ *^® 

Amount of Cen- Centrifugal Force of a particle 

gravity. This diminishes as 
we approach t'.e poles, where it becomes 0. 
If the earth revolved 17 times faster than 
it now does, or in 84 minutes instead of 24 
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S??flJt tf* hi ^^^"^ *^® Centrifugal Force would be equal to the attraction 
Telocity of ro- of grayitation, which may be considered as the Centripetal 
etrto were to- ^°"^®> ^^ ^ bodies at the earth's equator would be deprived 
ereasttd ? of weight, since they would have as great a tendency to leave 

the sur&ce of the earth as to descend toward its center. K 
the earth revolved on its axis in less time than 84 minutes, tetrestrial gravita- 
tion would be completely overpowered, and all fluids and loose substances 
would fly firom its sui&ce. 

178. There appears to be a constant tendency to rotary 
motion in moving bodies free to turn upon their axes. 
The earth turns upon its axis, as it moves in its orbit ; a 
ball projected from a cannon, a rounded stone thrown from 
the hand, all revolve around their axes as they move. 

Fia. 58. This phenomenon may be very 

prettily illustrated by placing a 
watch-glass upon a smooth plate 
of glass, Fig. 68, moistened suf- 
ficiently to insure slight adhesion, 
and fixed at any angle. As it 
begins to move toward the bot- 
vjm of the inclined plane, it Will exhibit a revolving motion, which uniformly 
increases with the acceleration of its downward movement. 



PRACTICAL QUESTIONS AND PROBLEMS ON THE PRINCIPLES 
AND COMPOSITION OF MOTION. 

1. The suBFAOB of the sabih at the equatob moTes at the rate of about a mouBAXD 
MILES in an houb : why are mkn not sensible of this rapid movement of the earth t 

Because all objects about the observer are moving in common with him. It 
is the natural uniformity of tlie undisturbed motion which causes the earth 
and all the bodies moving together with it upon its surface to appear at 
rest 

2. Hoir cacn yon easfly see that the babth is in motion? 

By looking at some object that is entirely unconnected with it, as the sun ' 
or the stars. "We are here, however, liable to the mistake that the sun or 
stars are in motion, and not we ourselves with the earth. 

3. Does the sxik really bise and set each day f 

The sun maintains very nearly a constant position ; but the earth revolves^ 
and is constantly changing its position. Really^ ihere/orey the sun neither rises 
nor sets. 

4. Why, to a febson SAiLnro fai a boat on a smooth stream, or ooikg swiftly in a 
OABBiAOE on a smooth road, do the trees or buildings on the banks or roadside appear to 
more in an opposite dibbction t 

The rekUive situation of the trees and buildings to the person, and to each 
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Other, is actually changed by the motion of the observer ; but the mind, m 
judging of the real change in place by the difference in the position of the 
objects observed, unconsciously confounds the real and apparent motion. 

5. Why will a taUow candle fired from a gnn pi*crce a board, or target^ in the same 
manner as a leaden bullet irill, under the same drcnmstancesf 

When a candle starts from the breach of a gun, its motion is gradually in- 
creased, until it leaves the muzzle at a high velocity ; and when it reaches the 
board, or target, every particle of matter composing it is in a state of great 
velocity. At the moment of contact, the particles of matter composing the 
target are at rest ; and as the density of the candle, multiplied by the velocity 
of its motion, is greater than the density of the target at rest, the greater force 
overcomes the weaker, and the candle breaks through and pierces a hole in 
the board. 

6. Why, -with an enoimons pressure and dov motion, can you not foree a candle 
through a board T 

Because the candle, on account of its slow motion, does not possess suffi- 
cient momentum to enable the density of its particles to overcome the greater 
density of the board ; consequently the candle itself is mashed, instead of 
piercing the board. 

7. Why will a laige ship, moring toward a wharf with a motion hardly perceptUde, 
crush with great foree a boat intervening? 

Because the great mass and weight of the vessel compensates for its want 
of velocity. 

8. Why can a person safely skate with great rapidity over ice which would not bear 
his weight standing quietly ? 

Because time is required to produce a fracture of the ice ; as soon as the 
weight of the skater begins to act upon any point, the ice, supported by the 
water, bends slowly under him ; but if the skater's velocity be great, he 
passes off from the spot which was loaded before the bending has reached 
the point at which the ice would break. 

9. A HSAVT COACH and a i.i6HT waoox came in collision on the road. A suit for 
damages was brought by the proprietor of the wagon. How was it shown that omb of the 
TESiiCLEB was moving at an unbafb velocity ? 

On trial, the persons in the wagon depos3d ihai ike shocks occasioned by 
coming in contact^ was so great, that it threw them over the head of their horse; 
and thus lost their case by proving that the faulty velocity was their own. 

10. Why did the fact that they were rnsowir orer the hkad of iuk hobse by coming 
in contact with the coach, prove that their velocity was gsbatbb than it ought to have 
been? 

The coach stopped the wagon by contact with it, but the bodies of the per- 
sons in the wagon, having the same velocity as ihe wagon^ and not fastened to 
itj corUinued to move on. Had the wagon moved slowly, the distance to which 
they would have been thrown would have been slight To cause them to 
be thrown as fas' as over the head of ihe horse^ would require a great velocity 
of motion. 
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11. When TWO fkbsonb btbikx their beads together, one being in Monoir and the other 
at SE8T, whj are both equally hurt? 

Because, when bodies strike each other, action and reaction are equaX ; the 
head that is at rest retuTDS the blow with equal foroe to the head that 
strike& 

12. When anelaatio bau, ia thrown against the side of a house with a oebtaik vobob, 
why does it reboand f 

Because the side of the house remsts the ball with the same force^ and the 
ball being elafltiCi rebounds, 

13. When the sax b balx. is thrown sgalnst a faxx of glass with the nmsfoTce, it goes 
through, breaking the glass ; why does it not rebound as before f. 

Because the glass has not suflQciont power to resist the full force of the ball : 
it destroys a part of the force of the ball, but the remainder continuing to act^ 
the ball goes through, shatteiing the glass. 

14. Why did not the man succeed who undertook to make a faib wim) for his fleas- 
mus-BOAT, by erecting an dimbnbb bellows in the btbbit, and blowing against the bails f 

Because the action of the stream of wind and the reaction of the sails were 
exactly equaT, and, consequently, the boat remained at rest 

15. If he had blown in acoMTftABT DmBoriON from the sails, instead of against them, 
would the boat have moved ? 

It would, with the same force that the air issued from tlie bellows-pipe. 

16 Why can not a mait raise himself over a fkngf. by pulling upon the stbafs of his 

SOOTS? 

Because the action of the force exerted by the muscles of his arms is coun- 
teracted by il>e reaction of the force, or, in other words, the resistance of his 
whole body, whic'a tends to keep him down. 

17. Why do wateb-l^ogo give a nsMi-noTABT movement to free themselves from 
water ? 

Because in this way a centrifugal force is generated, which causes the drops 
of water adherent to them to fly ofH 

18. Why is the couissi: of rivers rarely stbaioht, but sebfentinb and windxnq i 
When, from any obstruction, the river is obliged to bend, the centrifugal 

force tends fjo throw away the water from the center of the curvature, so that 
when a bend has once commenced, it increases, and is soon followed by otlicrs. 
Thus, for instance, the water being thrown by any cause to the left side, it 
wears that part into a curve, or elbow, and, by its centrifugal force, acts con- 
stantly on the outside of the bend, until the rock, or higher land, resists its 
gradual progress ; from this limit, being thrown back again, it wears a similar 
bend to the right hand, and after that another to the left, and so on. 

19. A locomotive passes over a railroad, 200 miles in length, in 5 hours ; what is its 
velocity per hour ? - '• 

20 If a bird, in flying, passes over a distance of 45 miles in an hour, what id its ve- 
locity per minute ? 

21 The flash of a cannon thre? miles off was seen, and in 14 seconds afterward the 
sound was heard. How many feet did the sound travel in one second ? . r ^ / 
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22. The sun is 95 millions of miles from the earth, and it reqnlxes 8} minutes for its, . 
light to reach the earth ; with what velocity per second does light move ? /'^/v^/''? ^ 

23. If a vessel sail 90 miles a day for 8 days, how far will It sail in that time ? J ^Wj Q * 

24 A gentle wind is observed to move 1,250 feet in 16 minutes : how far would it move 
in 2 hours, allowing 5,000 feet to the mile? 

25 What distance would a hird flying uniformly at the velocity of 60 miles per hour, 
pass over in 12i hours ? 

26. Suppose light to move at the rate of 192,000 miles in a second of time, how long a 
time will elapse in the passage of light ftom the sun to the earth, the distance being C5 
millions of miles ? 

27 What is the momentum of a body weighing 25 pounds moving with the velocity 
of 30 feet per second ? 

28. A cannon-ball weighing 520 pounds, struck a wall with a velocity of 45 feet per 
second : what was its momentum, or with what force did it strike ? 

29. A locomotive and train of cars weighing 180 tons (403,200 pounds), and moving at 
the rate of 40 miles per hour, came in collision with another train weighing 160 tons, and 
moving at the rate of 25 miles per hour : what was the momentum, or force of collision ? 

30. A stone thrown directly at an object from a locomotive, moving at the rate of 3,520 
feet per minute, was 2 seconds in the air ; at what distance beyond the object did it 
strike? 



CHAPTER VI. 

APPLICATION OF FORCE. 

What are the 174. The priacipal Egents from whence wo 
Sf p^ertrSS obtain power for practical purposes, are Men 
arts? and Animals, Water, Wind, Steam, and 

Gunpowder. 

The power of all these may be ultimately resolved into some 
grea? nat*iral ®°® ^^ ^^"^^ °^ ^^® 8^®** natural forces, or primary sources of 
forces are these power, viz., vital force, producing muscular energy, or strength 
derivetl?^"*^^ ^^ ™^^ ^^^ animals; gravitation, causing tlie flow of water; 
heat and molecular forces, the agents producing the power ex- 
hibited by wind, steam, and gunpowder. 

. ., Magnetism and electricity when called into action, elI 

Are tiiere any i ^ r 

other agents of capillary attraction, are also agents of power; but none oi 
power ? MoR^ are capable, as yet, of being used to any great extent 

for the production of motion. 

„ , 175. Muscular energy in men and animals 

Howismuscu- , _ _ \i y . x« ^ xi. 

lar energy ex- IS excrtcd by uieaus of the contraction oi tne 
fibers which constitute the muscles of the 



88 WELLS9 NATUBAL PHIIA)60PHT. 

body ; the bones of tbe body £tcilitate and direct the ap- 
plication of this force. 

BeastB of prey possess the greatest amoant of mnscnlar power; but some 
yerj small aTiimals possess muscular power in proportion to their bulk, io- 
oompaiably greater than the largest of the brute creation. A flea, considered 
lelatiTelj to its size, is stronger thxm an elephant, or a lion. 
Hovcan aman '^ ™"^ ^^^'^ exert his greatest active strength in pulling up- 
exerthisip^at. Ward from his feet, because the strong muscles of the back, 
est Btrength ? ^^^ those of the upper and lower extremities, are then brought 
most advantageouBlj into action. 

The compaiattvo eflfoct produced in the different methods of applying the 
force of a man, may be indicated as follows : in tho action of turning a crank, 
or handle, his force may be represented by the number 17 ; in working a 
pump, by 20 ; in pulling downward, as in ringing a bell, by 39 ; and in pull- 
ing upward from the feet, as in the action of rowing, by 41. 

What to the ^76. The estimate of the aniform strength 
^IS^of a of an ordinary man^ for the performance of or- 
""' dinary daily mechanical labor is, that he can 

raise a weight of 10 pounds to the height of 10 feet once 
in a second, and continue to do so for 10 hours in the 
day. 

What is the ^''^'^' ^^® estimated strength of a horse is, 

rtI^*h*of a *^* ^® ^^ ^^ * weight of 33,000 pounds 

horse, or a to tho height of onc foot in a minute. Such 

SL measure of force is called a "hobse- 

POWER.'' 

The strength of a horse is considered to bo equal to that of five men. The 
average strength which a horao can exert in drawing is about 1600 pounds. 

whatisimter. 178. Water-power is the powcr obtained 
vowwr i^y ^^Q action of water falling perpendicularly, 
or running down a slope, by the influence of gravity. 
What is the ^'^^- When work is performed by any agent, 
SS^ring the there is always a certain weight moved over a 
pSfSm^^b? certain space, or a resistance overcome ; the 
differeutforcea? amouut of work performed, therefore, will de- 
pend on the weight, or resistance that is moved, and the 
space over which it is moved. For comparing different 
quantities of work, done by any force, it is necessary to 
have some standard ; and this standard is the power, or 
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labor, expeaded in raising a pound weight one foot high, 
in opposition to gravity. 

How is the ef- l^O. The eflfect produced by a moving power 
ing ^weTSl ^ always expressed by a certain weight raised 
pressed? ^ certain height. 

To find, therefore, the effect of a moving power, or to find the power ex- 
pended in performing a certain work, we have the following rule : — 

How may the 181. Multiply the weight of the body moved 
Sdlif wSTbe' i^ pounds by the vertical space through which 
'«»'^**°®*^ it is moved. 

Thus, for example, if a horse draw a loaded wagon, with a force by which 
the traces are stretched to as great a degree as if 200 pounds t» re suspended 
vertically fi-om them, and if the horse thus acting draws the wagon over a 
space of 100 feet, the mechanical effect produced is said to be 200 pounds 
raised 100 feet ; or, what is the same tiling, 20,000 pounds raised 1 foot 
When a horse draws a carriage, the work he performs is expended in over- 
coming the resistance of friction of the road which opposes the motion of the 
carriage ; but friction increases and diminishes as the weight of the load in- 
creases or diminishes. The work performed will, therefore, be estimated by 
multiplying the total resistance of friction, as expressed in pounds, by the 
space over which the carriage is moved. 

HI trate th '^^ following examples will illustrate how we are enabled, 

manner of esti- by the above rules, to calculate the amount of power required 
matingpower? ^ perform a certain amount of work: — Suppose we wish to 
know the amount of horse-power required to lift 224 pounds of coal from the 
bottom of a mine 600 feet deep. The weight, 224, multiplied into space 
moved over, 600 feet, equals 134,400, the amount of work to be performed 
each minute; a horse-power equals 33,000 pounds raised 1 foot per minute: 
therefore, 134,400-^-33,000=4.07, horse-power required. If we wish to per- 
form the same work by a steam-engine, we would order an engine of 4.07 
horse-power, and the engine-builder, knowing the dimensions of the parts of 
an engine essential to give one horse-power, can build an engine capable of 
performing the requisite work. 

Again. Suppose a locomotive to move a train of cars, on a level, at the 
rate of 30 miles per hour, the whole weighing 25 tons, with a constant re- 
sistance from friction of 200 pounds, what is the horse-power of the engine ? 
30 miles per hour equals 2,640 feet per minute ; this space multiplied by 200 
pounds, the resistance to be overcome, equals 528,000, the work to be done 
every minute; which, divided by 33,000 (one horse-power^ equals 16, the 
horse-power of the locomotive. 

What is a Dy- 182. An instrument for measuring the rela- 
namometer? |j^g strength of men and animals, and also of 
the force exerted by machinery, is called a Dynamometer. 
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^1 i 



p -Q Kg. 69 represents one of the most 

common forms of the dynamometer, 
•Y, Q^\^:=$1^ . consisting of a band of steel, bent in 

^^ ^^ the middle, so as to have a certain de- 

gree of flexibility. To the expanded 
extremity of each limb is fixed an arc 
of iron, which passes fireely through an 
opening in the other limb, and terminates outside in a hook or ring. One of 
these arcs is graduated, and represents in pounds the force required Fio.go^ 
to bring the two limbs nearer together. Thus, if a horse were pulling 
a rope attached to a body which he had to move, we may imagine the 
rope to be cut at a certain point, and the two ends attached to the 
ends of the arcs^ as represented in Fig. 59 ; the force of traction ex- 
erted by the animal would be seen by the greater or less bringing 
together of the ends of the instrument 

In another form of dynamometer, Fig. 60, which is also used as a 
spring balance in weighing, the force is measured by the collapsing 
of a steel spring, contained within a cylindrical case. The construc- 
tion and operation of this instrument will be easily understood from 
an examination of the figure. 

whRtisaMa- 183. A MACHINE is an instrument, or 
chine? apparatus, adapted to receive, distribute, 
and apply motion derived from some external force, 
in such a way as to produce a desired result. 

A steam-engine and a water-wheel are examples of machines. They re- 
ceive the power of steam in the one case, and the power of fiilhng water in 
the other, and apply it ftfr locomotion, sawing, hammering, etc. 

Do wo produce 1^4. A MACHINE cau not, uudcr any cir- 
uJe^^ of ^ ia- curastances, create power, or increase the 
chines? quantity of power, or force, applied to it, 

A machine will enable us to concentrate, or divide, any quantity of force 
which we may possess, but they no more increase the quantity of force applied 
than a mill-pond increases the quantity of water flowing in the stream.* 

_ Machines, in fact, do not increase an applied force, but they 
chines in reality diminish it, or, in other words, no machine ever transmits the 
diminish force ? ^i^qIq amount of fore* imparted to it by the moving power; 
since a part of the power is necessarily txpended in overcoming the inertia 
of matter, the friction of the machinery, fnd the resistance of the atmosphere. 

• " Power is always a product of nature. God has not voiiclisafed to man the means of 
its primary creation. He finds it in the moving air and the rapid cataract ; in the burn- 
i»er coal and the hoaviup tide. He transfers it from these to other bodies, and renders it 
the obedient servant of his will— the patient drnds^e which, in a thousjind ways, adruinis- 
ters to his wants, lils convenience, and his luxuries, and enables him to reserve his owu 
energy for the higher purposes of the development of his miad and the expression of his 
ttioughts."— i^«/. Htnry, 
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Is Perpetual 185. PERPETUAL MOTION, Or the COnstrUC- 

JhineiT^poT^I ^^^^ ^f machines which shall produce power 
^^®^ sufficient to keep themselves in motion con- 

tinually, is, therefore, an impossibility, since no combi- 
nation of machinery can create, or increase, the quantity 
of power applied, or even preserve it without diminution. 

What exam I ^ nattire we have an example of continued and undimin- 

of continued ished motion in the revolution of the earth upon its axis, and 
we in nature? ^^ *^® planets around the sun. These bodies have been mov- 
ing with undiminished velocity for ages past, and, unless pre- 
vented by the agency which created them, will continue so to do for ages to come. 
How do ire de ' ^^® dcrivc advautagcs from machines 

riveadvaiitages in thrcc different ways; Ist, from the addi- 

trom machines ? , i n i /• 

tions they make to humau power ; 2d, from 
the economy they produce of human time ; 3d, from the 
conversion of substances apparently worthless and com- 
mon into valuable products. 

How do ma- 187. Machincs make additions to human 
additfon8™*to power, because they enable us to use the 
human power? pQ^gf ^f natural agcnts, as wind, water, steam. 
They also enable us to use animal power with greater ef- 
fect, as when we move an object easily with a lever, which 
we could not with the unaided hand. 
How do ma- 188. Machincs produce economy of human 
ecoSomy™fh^. ^mc, bccausc ttcy accomplish with rapidity 
manume? what would Toquirc the hand unaided much 
time to perform. 

A machine turns a gun-stock in a few minutes ; to shape it by hand would 
be the work of hours. 

189. Machines convert objects apparently 

How do ma- ,, . tit i i i 

chines convert worthlcss luto valuablo proQucts, because by 
jects into vai- their great power, economy, and rapidity of 

liable products? ^ . V^i , -. ^/li ^ ^ A ^ 

acfio/i, they make it proiita Die to use objeci<4 
for manufacturing purposes which it would be unprofit- 
able or impossible to use if they were to be manufactured 
by hand. 

Without machines, iron could not be forged into shafts for gigantic engines; 
fibers could not be twisted into cables ; granite, in large masses, could not be 
transported from the quarries. 



92 WELLS'S NATURAL PHILOSOPHY. 

Define Power, 190- I^ machinery, we designate the mov- 
wo^ng Point, ^^^g ^^ce dS the Power ; the resistance to be 
SacwS^. ^ overcome, whatever may be its nature, as the 
Weight ; and the part of the machine im- 
mediately applied to the resistance to be overcome, as the 
Working Point. 

What iB the 191- The great general advantage that we 
fd^t^"^"^ obtain from machinery is, that it enables us 
machinery? ^ exchaugo timo and space for power. 

Thus, if a man oould raise to a certain height two hundred pounds in one 
minute, with the utmost exertion oi his strength, no arrangement of macbineiy 
could enable him unaided to raise 2,000 pounds in the same time. If he de- 
sired to elevate this weight, he would be obliged to divide it into ten equal 
parts, and raise each part separately, consuming ten times the time required 
for lifting 200 pounds. The application of machinery would enable him to 
raise the whole mass at once, but would not decrease the time occupied in 
doing it, which would still be ten minutes. 

Again. A boy who can not exert a force of fifty pounds may, by means 
of a claw-hammer, draw out a nail which would support the weight of half a 
ton. It may seem that the use of the hammer in this case creates power, 
but it does not, since the hand of the boy is required to move through per- 
haps one foot of space to make the nail rise one qvarter of an incTi. But it has 
been already shown that the force of a small body moving with great velocity 
may equal the force of a large body with a slight velocity. On the same prin- 
ciple, the small weight, or power, exerted by the boy on the end of the ham- 
mer handle, moving through a large sps^se with an increased velocity, ac- 
quires sufficient momentum to overcome the great resistance of the naiL 

In both of these examples space and time are exchanged for power. 
„ . , 192. The mechanical force, or momentum, of a body, is aa- 

chanicai effect certained by multiplying its weight by the space through 
tcraJKed ? *^' ^^^^^ it moves in a given time, that is to say, by its velocity. 
The mechanical force, or momentum, of a power may also be 
found, by multiplying the power, or its equivalent weight, by its velocity. 

What is the 193. The power, multiplied by the space 
brilim Sf '*2i through which it moves in a vertical direction, 
machines f jg ^^^^j ^^ ^^^ Weight multiplied by the space 
through which it moves in a vertical direction. 

This is the general law which determines the equilibrium of all machines. 

194. The power will overcome the resistance 

conditions wiu of thc Weight, and motion will take place in a 

place in a ma- machiuc, whcu the product arising from the 

power multiplied by the space through which 
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it moves in a vertical direction, is greater than the pro- 
duct arising from the weight multiplied by the space 
through which it moves in a vertical direction. 
What is meant Practical men express the principle of cquiUbriom in ma- 
hf the ex- chinery by saying " that what is gained in power is lost in 

fj *^ giined^'^at *^"^®-" '^^ ^ ^ ^^^^ ^^^^ **^ against a great rerastance, 
the expense of the motion of the latter will be just as much slower than that 
^® of the power, as the resistancei or weighty is greater than the 

power ; or if one pound be required to oyercome the resistance of two pounds, 
the one pound must move oyer two feet in the same time that the resistance^ 
two poimds, requires to move over one. 

SECTION I. 

THE ELEMENTS OF MACHINEBT. 



Ho"W many sim- 



195. All machines, no matter how complex 

Jle''"mlww*^ and intricate their construction, may be re- 
are there? l J J r» • • 7 1 . 

duced to one or more of six simple machines, 
or elements, which we call the " Mechanical Powebs." 

196. They are the Leveb, the Wheel and 

Enumerate the i t^ i ▼ -r^ 

six elementary AXLB, thc PULLEY, the INCLINED PlANE, the 

machines. ' ' ' 

Wedge, and the Screw. 

These simple Machines may be further reduced to three— the lever, the 
pullpy, and the inclined plane ; since the wheel and axle, the screw and the 
wedge, may be regarded as modifications of them. 

The name " mechanical powers" which lias been applied to the six ele- 
mentary machines, is unfortimate, since it serves to convey an idea that they 
are really powers, when in fact they possess no power in themselves, and are 
only instruments for the application of power. 

What is a 197. A Lever consists of a solid bar, straight 

or bent, turning upon a pivot, prop, or axis. 
198. The Arms of the lever are those parts 
Anna of a Le- ^f ^^q j^g^j. extending on each side of the 

axis. 
What is the 199. The Fulcrum, or prop, is the name 

applied to the axis, or point of support. 

200. Levers are divided into three kinds, or 
kinds (rfhivers classcs, accordiug to the position which the 

fulcrum has in relation to the power and the 
weight. 



Lever ? 
What are the 



Fulcrum ? 
How many 
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What an ex- 
amples of le- 
vers of the 
first class? 



IT" 



1, 



.1 






201, In the first class the fulcrum is be- 
reiatire post- twecti the powcr and the weight ; in the sec- 
power, fulcrum ond class, the fulcrum is at one end of the 
the three kinds levcF, and the wcipjht is between the fulcrum 
®''*"' and the power ; in the third class, the fulcrum 
is at one end of the lever, and the power is between the 
fulcrum and the weight. 

Fig. 61 represents the tliree classes of Fio. 61. 

levers, numbered in their order, 1. 2, 3. / 

P is the power, W the weight, and F the 
fulcrum. 

A crowbar applied to 
elevate a stone, is an ex- 
ample of a lever of tho 
first kind. In Fig. 62, 
which represents a lever of this class, a 
indicates the fulcrum which suppports tho 
bar, b the power applied by tho hand at 
the end of the longest arm, and c the 
weight, or stone, raised at the end of the 
short arm. A poker applied to stir up the fuel of a grate is a lever of the 

first class, the fulcrum being tho 
bars of the grato ; the break, o^ 
or handle of a pump, is also a fa- 
miliar example. Scissors, pin- 
cers, etc., are composed of two 
levers of tho first kind, the ful- 
crum being the joint, or pivot, 
and the weight the resistance 
of the substance to be cut, or seized. The power of the fingers is applied 
at the other end of the levers. 

What is the 202. A lever will be in equilibrium, when 
hZim ^'"Si the power and the weight are to each other 
lever? inverscly as their distances from the fulcrum. 

Thus, if in a lever of the first class the power and the weight are equal, 
and are required to exactly balance each other, they must be placed at 
equal distances from the fulcrum. If the power is only half the weight, it 
must be at double the distance from tho fulcrum; if one third of the 
weight, three times the distance. If wc suppose, in Fig. 62, c to represent 
a weight of 300 pounds, placed two feet from the fulcrum a, and b a power 
of 100 pounds placed six feet from a, then c and b will bo in equilibrium, 
for (300X2)=(100X6). 

203. When the weigbt and lengths of the two arms 



Fig. 62. 
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Weight, and 
the length of 
the arms of a 
lever being 
given, how we 
find the equiv- 
alent power ? 



What are ex- 
amples of le- 
vers of the 
second class ? 




of a lever are given, the power requisite to 
balance the weight may be ascertained, by 
dividing the product of the weight njultiplied 
into its distance from the fulcrum, by the dis- 
tance of the power from the fulcrum. 

204. Cork, or lemon-squeezcrs, Fig. 63, are examples of 
the levers of the second class, which have the fulcrum at one 
end, and the weight, or resistance to bo overcome, between 
the fulcrum and the power. An oar is a lever of the second 
class, in which the reaction of the water against the blade is the fulcrum, tlie 
FiQ. 63. ^°^^ *^® weight, and the hand of 

the boatman the power. A door 
moved on its hinges is another 
example. A wheel-barrow is a 
lever of the second class, the ful- 
crum being the point at which the 
wheel presses upon the ground, 
the barrow and its load the weight, 
and tlie hands the power. Nut- 
crackers are two levers of the second class, the hinge which unites them being 
the fulcrum, the resistance of the shell placed between them the weight, and 
the hand the power. 

What are ex- ^05. A pair of sugar-tongs rep- ^^^ q^ 

amples of le- resents a lever of the third class, 

th"d cUss ?^® ^ ^^^^^* ^^® P^^®^ ^ appUed be- 
tween the fiilcrum and the resist- 
ance, or weight. In Fig. 64, the fulcrum is at a, 
the resistance is the piece of sugar to be lifted at 
b, and the power is the fingers applied at c. 
When a man raises a ladder against a wall, ho 
employs a lever of the third class ; the fulcrum 
being the foot of the ladder resting upon the 
ground, the power being the hands applied to 
raise it, and the resistance being the weight of the ladder. 

206. In levers of the third class, the power, 
being between the fulcrum and the weight, 
will be at a less distance from the fulcrum than 
the weight ; and, consequently, in this form 
of lever the power must be always greater than the 
weight. 

Thus (in No. 3, Fig. 61), if the length from the point where the weight, W, 
is suspended to F be three times the length of P F, then a weight of 100 
pounds 8U9pended at W will require a power of 300 applied at P ^ 




What is the re- 
lation between 
the power and 
the wcitjht in 
l-^vprs of the 
third class? 
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Under what 
circumstances 
do we eniploj 
levers of the 
third class? 



Owing to its mechanical disadyantagea, this class of levers 
is rarely used, except where a quick motion is required, rather 
than great force. The most striking examples of levers of the 
third class are found in the animal kingdom. The Umbs of 
animaU are generally levers of this description. The socket 
of the bone, a, Fig. 65, is the fulcrum ; a strong muscle attached to the bone 
-J. near the socket, c^ and extend- 

' * ing to (2^ is the power; and the 

weight of the limb, together 
with whatever resistance, w, is 
opposed to its motion, is the 
weight. A very slight con- 
traction of the muscle in this 
case gives considerable motion 
to the limb. 

The leg and claws of a bird, 
are examples of the third class 
of levers, the whole arrange- 
ment bemg admirably adapted to the wants of the animal When a bird rests 
upon a perch, its body constitutes the weight, the muscles of the leg the 
power, and the perch the fulcrum. Now, the greater the weight of the body, 
the more strain it exerts upon the muscles of the claws, which, in turn, grasp 
the perch more firmly: consequently, a bird sits upon its perch with the 
greatest ease, and never fells off in sleeping, since the weight of the body is 
instrumental in sustaining it 

What is ^^ *^' ^ Compound Lever is a combination 

Compound Le- of scveral simplc levers, so arranged that the 
shorter arm of one may act upon the longer 
arm of another. In this way, the power of a small force 
in overcoming a large resistance is greatly multiplied. 




Fia. 66. 



5 



1 



An arrangement of compound levers is shown in Fig. 66. Here, by means 
of three simple levers, 1 pound may be made to balance 1000; for if the long 
arm of each of the levers is ten times the length of the short one, I pound 
at the end of the first one will exert a force of 10 pounds upon the end of the 
second one, which will in turn exert ten times that amount, or 100 pounds, 
upon the end of the third one, which will balance ten times that amount, or 
1000 pounds, at the other extremity. 
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What are the 
disadrantages 
of a compound 
lever ? 



Describe the 
common steel- 
yard. 



208. The disadvantage of a compound lever 
is, that its exercise is limited to a veiy small 
space. 

209. The different varieties of weighing machines are varie- 
ties or combinations of levers. The common steel-yard is a 
lever of miequal arms, belonging to the first class. It consists 

of a bar (Fig. 6*7) marked with notches to indicate pounds and ounces, and a 
weight which is movable along the notches. The bar is fomisbed with three 
hooka, or rings, on the largest of which the article to be weighed is always 
hung. The other hooks serve to support the instrument when it is in use, 
and the pivot by which they are attached to the bar serves as the fulcrum. 
The weight, Q, slidmg upon the bar, balances the article, P, which is to be 
weighed, it being evident that a pound weight at D will balance as many 
pounds at P as the distance A G is contained in the space D C. 



Fig. OT. 




It may happen that when the wdght Q is moved to the last notch upon the 
bar B C, that the article P will still preponderate. In this case, the steel-yard 
is held by the hook or ring nearer to A, which hangs down in the figure, and 
the steel-yard turned over, it being furnished with two sets of notches on 
opposite sides of the bar. By this means the distance of P, the article weighed, 
from the fulcrum is diminished, and the weight Q, at the given distance upon 
the opposite side of the fulcrum, will balance a proportionally greater resist- 
ance, or weight 

Describe th ^^^* "^^^ ordinary balance is a lever of the first class, with 

ordinary bal- equal arms, in which the power and the weight are neces- 
*°'^' sarily equaL Fig. 68 shows the common form. The fulcrum 

or axis, is made wedge like, with a sharp knife-like edge, and rests upon a 
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Fio. 68. Burface of hardened steel, or 

agate, in order that the beam 
may turn easily. The scale- 
paus are suspended by chains 
from points precisely at equal 
distances firom the fulcrum, 
and being themselves adjusted 
so as to have precisely equal 
weij^hts, the two sides will perfectly balance when the pans are empty. 

211. If the two arms of a scale-beam be not of perfectly 
equal length, a smaller weight at the end of the larger arm 
will balance a greater weight at the end of the shorter. An 
excess of half an inch in the length of the arm of the beam, 
to which merchandise is attached, where the arm should be 
eight inches long, would cheat the buyer exactly one ounce in every pound. 
This fraud, if suspected, might be detected instantly, by transposmg the 
weight and the article balanced ; the lightest would then be at the end of 
the short arm, and would appear lighter than it actually is. 

Fig. 69. 



Under what 
circumBtances 
will a balance 
indicate false 
weights ? 




What is the 
construction 



212. Platform scales, and scales intended 
construction^ f^^^ weighing hay, etc., are usually compound 
■*^^^ levers, and are constructed in very various 

fi^rms, but all depend on the principles above explained. 
Fig. 69 represents one of the varieties, and Fig. 70 a sec- 

Fig. 70. 

^ ^. ^ 
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What 
Wheel 
Axle? 



tion of the same, showing the arrangement and combination 
of the levers. 

,^ . 213. When a lever i3 applied to raise a weight or ovcrcorao 

What circum- . ^ ^, .,,,.,.. . 

stances limit ^ resistance, the space through which it acts at any one time 

the utUity of ig small, and the work must be accomplished by a succession 
of short and intermitting efforts. These circumstances, there- 
fore, limit the utility of the common lever, and restrict its use to those cases 
only in which weights are required to be raised through small spaces. 
„^ . ,. _ 214. "When, however, a continuous motion is required, as in 

nous motioa raising ore from a mine, or in lifting the anchor of a ship, 
obtained? j^ Q^^gj. ^^ remove the uitermitting action of the lever, and 

render it continual, we employ the simple machine known as the wheel and 
axle, which is only another form of the lever, in which the power is made to 
act without intermission. 

215, The form of the simple machine de- 

i a 

and nominated the Wheel and Axle, consists of 
a cylinder, termed an axle, revolving on an 
axis,, and having a wheel of larger diameter immovably at- 
tached to it, so that the two revolve with a common motion. 

Descrfbe the J"" ^^^- \\ ^ represents p,^^ ^j, 

action of the the axle with a wheel im- 
irbeel and movably attached to it, and r-^ 
the wheel turning on pivots |^^ 
inserted into the ends of the axle. Around 
this axle is wound a rope, to which is at- 
tached the weight W, and around the wheel 
is another rope, to which the power, P, is 
applied. It is evident that one turn of the 
wheel will unwind as much more rope from 
the wheel than it winds on the axle, as its 
circumference is greater. The power, P, will therefore pass over a much greater 
space than the weight W. The weight on the axle, which may bo considered 
as acting on the short arm of a lever which is the radius* of the axle, may 
be much heavier than the power which acts at the long arm of a lever, which 
is the radius of the wheeL 

Hence the advantage gained in the wheel and axle is equal to the numbci 
of times that the radius of the axle is contained in the radius of the wheel, 
and to estimate the mechanical advantage gained by the wheel and axle, wo 
have the following rule : 

How do wo 216. The power is to the weight, as the 
advantage of diameter of the wheel is to the diameter of 

the wheel and j.-i _i 

axle ? the axle. 

• The radius of a wheel, or cylinder, is its semi-diameter, or a line drawn fr — ** 

ter to its ciroamferenoe. The spoke of a carriage wheel represents its radio 
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Fig. 72 represents a sectioD of the wheel and axle, showing the ladins 
of the axle, b c, and the radius of the wheel, a c. The two being in a 



Fig. 72. 




straight line, the weights hanging in opposition are 
always as if they were connected by a horizontal lever, 
a cb, turning on a fulcrum at c. If the radius of the 
wheel, or the length of the longer arm of the lever, a c, 
bo 24 inches, and the radius of the axle, or the length 
of the shorter arm, c 6, be 3 inches, then the advantage 
gained would be 24-^-3 = 8, and a power of 100 pounds 
applied to the wheel would balance a weight of 800 ap- 
plied to the axle. 

„ . 217. The methods of applying power 

ply power in in the Wheel and axle are very various, 
a^e^^**^ *^* it not being essential that the power should be applied by a 
rope. The axle is sometimes placed in a vertical or upright 
position, and the power appUed by means of levers, or bars, inserted into holes 
Fi0. 73. in one end of the axle. A capstan of a ship, Fig. 

73, is an example of this. 

In the windlass, a handle, or winch, is sub- 
stituted in the place of a wheel. (See Fig, 74.) 
In this case, the advantage gained is equal to 
the number of times that the length of handle is 
greater than the radius of the axle. Thus, if the 
handle is 20 inches and the radius of the axle 
is 2 inches, then the advantage would be 10, and 
a power of 50 pounds applied at the handle would 
just Vaise a weight of 10 times 60, or 600 pounds. 

When a weight, or resistance, of comparatively great amount is to be raised 
by a very small power, by means of the simple wheel and axle, either of two 
inconveniences would ensue ; either the diameter of the axle would become 
too small to support the weight, or the diameter of the wheel would become 
so great as to be unwieldy. This has been remedied by a very simple ar- 
FiG, 74, rangement, called the double axle. Fig. 74. 

The axle of the windlass here consists of 
two parts of unequal diameters, and the 
rope winds around them in different direc- 
tions ; therefore, every turn of the wind- 
lass, or handle, winds up a portion equal 
to the circumference of the one, but un- 
winds a portion equal to the circumference 
of the other, and if the two be nearly equal, 
the weight moves very slow. If the weight 
rise 1 inch while the handle describes 100 
inches, 1 pound at the handle will balance 100 attached to the rope. 

In this arrangement space and time are exchanged for power in a most 
convenient; manner. 
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What is the 
most frequent 
method of 
transmitting 
motion through 
a combination 
of wheels? 



Fia 75. 



When great power is required, wheels and axles may be combined to- 
gether in a manuer simDar to that of the compound lever already explained 
(§ 207). By such a combination we gain the advantage of using a very large 
wheel with a small axle, without their inconveniences. 

218. The most frequent method of transmitting motion 
through a combination of wheels, is by the construction of 
teeth upon their circumference, so that the teeth of each 
wheel falling between those of the other, the one necessarily 
pushes forward the other. When teeth are thus affixed to 
the circumference of a wheel, they are termed cogs; upon an 

axle, they are termed leaves, while the axle itself is called a pinion. 

Kg. 76 represents a combmation 
of wheels and axles for the trans- 
mission of power.* If the teeth on 
the axle of the wheel c act on six 
times the number of teeth on the 
circumference of the second wheel, 
the second will turn only once for 
every six turns of the first. In the 
same manner the second wheel, by 
turning six times, turns the third 
wheel once ; consequently, if the proportion between the wheels and their 
axles be preserved in all three, the third turns once, the second six times, 
and the first thirty-six times. Now, as the wheel and axle act in all respects 
like a simple lever, and a combination. of wheels and axles as a combina- 
tion of levers, there is no difficulty in understanding how a mechanical ad- 
vantage is gained by this contrivance. The power is to the weight as the 
product of the diameter of all the axles is to the product of the diameter of 
all the wheela Thus, if the diameter of all the axles be expressed by the 
numbers 2, 3, and 4, and the diameters of the wheels, c, /, and g, be expressed 
by the numbers 20, 25, and 30, then power will be to the weight as 2X3 X 
4:= 24, is to 20X25X30=15,000 ;— or a power of 24 at the tirst wheel will 
balance 15,000 at the axle of the last wheel 

219. One of the most familiar instances of combined wheel- 
work is exhibited in clocks and watches. One turn of the axle 
on which the watch-key is fixed, is rendered equivalent, by a 
tr^n of wheel-work, to about 400 turns, or beats, of the bal 
ance-wheel ; and thus the exertion, during a few seconds, ot 

the hand which winds up, gives motion for twenty-four, or thirty hours. By 




What are fa- 
miliar illustra- 
tions of com- 
pound wheel- 
work? 



FlO. 77. 



FiQ 76 increasing the number of wheels, 

time-pieces are made which go for 
a year, or a greater length of time. 

Wheels may be connected and ; 

motion communicated from one to 

the other, by bands, or belts, as well 

as by teeth. This principle is seen in the spinning-wheel and common 

tuming-lathe. A spmning-wheel, as a c, Fig. 76, of thirty inches in circum- 



<D 
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ference, turns by its band a smaller wheel, or spindle, &, of half an inch, sixty 
times for every revolution of a c. 

When the wheel is intended to revolve in the same direction with the one 

from which it receives its motion, the band is attached as in Fig. 76; but 

when it is to revolve in a contrary direction, the band is crossed, as in Fi^^. 77. 

In many wheels power is communicated by means of a weight apphed to 

the circumference. 

^jQ ij3 In the tread-mill (Fig. 78) a number of persons 

stepping upon the circumference of a wheel cause 
it to revolve. Similar machines are often adopted in 
ferry-boats, moved by horses, and called "horse- 
boats." 

Li most water-wheels, power is obtained by the 
action of water applied to the circumference of the 
wheel, which is caused to revolve, either through the 
weight, or pressure of the water, or by both conjointly. 

The Pulley is a small wheel fixed in 
a block, and turning on an axis, by means of 
a cord, which runs in a groove formed on the edge of the 
wheel. 
This simple machine is represented in Fig. 79. 

220. Pulleys are of two kinds ; 
— fixed and movable. 

221. By a fixed pulley we 
mean one that merely revolves 

on its axis, but does not change its place. 

Figs. 79 and 80 are illustrations of fixed 

pulleys. In Fig. 80, C is a small wheel turning upon its 

axis, around which a cord passes, having at one end the 

power P, and at the other, the resistance, or weight, W. It 

Fig. 80. is evident that by pullmg the cord at P, the weight, W, must 

j^ Vs,^ ascend as much and as fast as the cord is drawn down 

' ^ As, therefore, the power and the weight move with the 

same velocity, it is clear that they balance one another, 

and that no mechanical advantage is gained. 

In all the apphcations of power there are always some 
directions in which it may be exerted to greater advan- 
tage and convenience than others; and in many cases 
the power is capable of acting in only one particular di- 

®^.^^ rection. Any arrangement of machinery, therefore, which 
[FJ will enable us to render power more available, by apply- 
ing it in the most advantageous direction, is as convenient 
and valuable as one which enables a small power to balance or overcome a 



How many 
kinds of pul- 
leys are there ? 

"What is a fix- 
^ ed pulley? 



Describe the 
-working and 
advantage of 
the fixed pulley. 
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What are fa- 
miliar applica- 
tionR of fixed 
pulleys f 




What is a mov- 
able pullej? 



Fig. 82- 



great weight. Thus, if we wish to apply the strength of a horae to lift a 
heavy weigUt to the top of a building, we should find it a difficult matter to 
accomplish directly, since the horse exerts his 
strength mainly, and to the best advantage, in 
drawing horizontally ; but by changing the di- 
rection of the power of the horse, by an ar- 
rangement of fixed pulleys, as is represented 
in Fig. 81, the weight is lifted most readily, 
and the horse exerts his power to the best ad- 
vantage. 

223. A fixed pulley is most 
useful for changing the direc- 
tion of power, and for apply- 
ing power advantageously. 
By it a man standing on the ground can raise 
a weight to the top of a buildmg. A curtain, a flag, or a sail, can be readily 
raised to an elevation by a fixed pulley, without ascendmg with it, by draw- 
ing down a cord running over the pulley. 

224 A Movable Pulley differs from a 
fixed pulley in being attached to the weight ; 
it therefore rises and falls with the weight. 

Fig. 82 represents a movable pulley, B, associated, as it 
most commonly is, with a fixed pulley, C. The movable pulley, 
B, is often called a " Runner." 

225. In the fixed pulley, Fig. 80, it will be 
readUy seen that to move the weight, W, at 
one end of the cord, passing over the pulley, a 
greater weight must be applied at P, for if P 
is only equal to W, they will balance one an- 
other. I^ however, we fasten one end of the cord to a fixed support, as at 
F, Fig. 82, and pass it under the groove in the movable pulley B, to which 
the weight, W, we desire to raise is attached, and then carry it over the fixed 
pulley 0, we may lift a force of 100 pounds at W by an application of 50 
pounds at P. To understand this, we must remember that the weight W is 
supported by the cords B F and B C on each side of the movable pulley B ; 
and as each are equally stretched, the weight must be equally divided be- 
tween them ; or, in other words, the point of support, F, sustains half the 
weight, and the power, P, the other half. A person, therefore, pulling at P, 
will raise the weight by exerting a force equal to its half. But the cord at P 
must move through two feet to raise the weiirht W one foot. 

T\'hf^n still prreater power is required, pulbys are compounded into a system 
containing two more single pulleys, called Blocks, and these again are com- 
bined in a compound system of fixed and movable pulleys. 

A single movable pulley may be so arranged that the power will sustain 
three times its own weight Such an arrangement is represented in Fig. 83. 



What is the ad- 
vantage gained 
by the use of a 
movable pul- 
ley? 
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In this we have four cords, one employed in sustaining the 
power, P, and the other sustaining the weight; conse- 
quently the power will be to the weight as 1 to 3. In 
Fig. 84, we have two blocks, each containing two single 
pulleys. The rope is thus divided into five portions, each 
equally stretched; one is employed in supporting the 
power P, and four sustain the weight With this system 
a power of 1 will balance a weight of 4. 

226. In all these arrangements <^ pul- 
leys, the increase of power has been gained 
at the expense of time, and the space 
passed over by the power must be double 
the space passed over by the weight, mul- 
tiplied by the number of pulleys. That is, in the case of 
the single pulley, the power must pass over two feet to 
raise the weight one foot; and with two movable pulleys, 
as in Pig. 84, the power must fall four feet to raise the 



Fia. 83. 



i 



How is pover 
gained at the 
expense of 
time in a sys- 
tem of pul- 
leys? 



6ip 



Pig. 84. 




weight one S>ot. 

Instead of folding the string on the pulleys entire, it is 
sometimes doubled into separate portions, each pulley 
hanging by a separate cord, one end of which is attached 
to a fixed support Here a very great mechanical advan- 
tage is gained, attended however, with a corresponding 
loss oi time. In an arrangement of soch a character, re- 
presented in Fig. 85, the weight W, is supported by the 
two parts of the cord passing round the movable pulley, 
; and as each of these parts is equally stretched, the 
fixed suppcHi; vnll sustain one half the weight, and the 
next pulley in order above 0, namely B, may be consid- 
ered as sustaming the other half But the two parts of 
the string which support the pulley B, again divide the 
weight, so that the pulley A, which is attached to one of 
them, only sustains one quarter of the first weight, W. 



The string which passes around A ag^n divides this 
weight, so that each part of it sustams only one eighth 
of W. The fixed pulley serves merely to change the 
direction of the motion. In this system, therefore, a 
power of 1 will balance a weight of 8. 

227. In general, the advan- 
tage gained by pullejrs is found 
by multiplying the number of 
movable pulleys by two, or by 
multiplying the power by the number of 
folds in the rope which sustains the weight, 
where one rope runs through the whole. 



Fig. 85. 



^How may the 

4|dvantage 
gAined by pul- 
leys be ascer- 
tained ? 
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Thus a weight of 72 pounds may be balanced by four movable pulleys by 
a weight or power of 9 pounds ; with two pulleys, by a power of 18 pounds, 
with one movable pulley, by a power of 36 pounds. 

• These rules apply only to movable pulleys in the same block, when the 
parts of the rope which sustain the weight are parallel to each. The mechan- 
ical advantage which the pulley appears to possess in theory, is considerably 
diminished in practice, owing to the stiflness of the ropes, and the friction of 
the ropes and wheels. From these causes it is estimated that two thirds of 
the power is lost When the parts of the cord are not parallel, the strength 
of the pulley is very greatly diminished. 

__ ^ _ 228. Fixed and mov- ptfi qr 

What are Cranea ,, „ . JIO. 00. 

and Derricks, able pulleys are arranged 
TackleandFall? ^ ^ g^eat variety of 
forms, but the principle upon which all are 
constructed is the same. What is called a 
" tackle and fall," or " block and tackle," 
is nothing but a pulley. Cranes and 
derricks are pieces of mechanism usuaUy 
consisting of combinations of toothed 
wheels and pulleys, by means of which 
materials are lifted to different elevations 
— as goods from vessels to the wharves, 
buildmg materials from the ^und to 
the stage where the builders are en- 
gaged, and for similar purposes. One 
of the most simple forms of movable 
cranes is represented in Fig. 86. It 
consists of a strong triangular ladder, at 
the top of which is a fixed pulley, C, 
over which the rope attached to the ob- 
ject to be elevated passes, and is carried 
down to the cylindrical axle, T, upon 
which it is woimd by means of bars in- 
serted in holes, or by a crank. This 
ladder is inclined more or less from the 
upright position by means of a rope, C 
D, which is attached to some fixed point 
at a distance. 

229. The Inclined Plane consists of a hard 
plane surface, inclined at an angle. 




What is an In- 
clined Plane ? 



Illustrate the 
use of an In- 
clined Plane. 



In Fig. 87, ah c repre- 
sents an inchned plane, 
230. If we attempt, for 
instance, to raise a cask, or any other 
heavy body into a wagon, we- may find 
that our strength is unequal to lifting it 

5* 



Fig. 87. 
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directiy, whfle to haul it up by pulleys would be very inoonvenient, if not 
inipossibla We may, however, acoomplish our object with comparative ease 
by rolling the cask up aii incliaed plank, and exerting our force in a direction 
parallel to the inclined surfiM» of the plank. 

The plank, in this instance, forms an inclined plane, and we 
gain a mechanical advantage, because it supports a part of 
the weight 

If we place a body upon a horizontal plane, or sur&oe, it is 
evident that the sur^ice will support its whole weight; if we 
inclme the surface a little, it will support less of the weight, and as we elevate 
it more, it will continue to support less and less, until the suiiace becomes 
perpendicular, in which case no support will be aflforded. 

231. The advantage gained by the use of the inclined plane may be esti- 
mated by the following rule : 

232. The power is to the weight as the per- 



IIow do 
derive a 
cbatiical ad- 
vantage from 
an incliaed 
plane? 



'Slti^gSS- pendicular height of the plane is to its length. 

by the use ^Tom this it will appear that the less the heiirht of the in- 




How can 

estimate 

advanta 

Itt^ l^di:^ *■"»» 'his It will appear 1 
plane } clined plane, and the greater its length, the greater will be 

the mechanical advantage. Thus, in Fig. 88, if the plane, c 
dj be twice as long as the height, e d, FiQ, 88. 

one pound at p, acting over the pulley, 
would balance two pounds auy where 
between c and d. If the plane, c d, 
were three times the length of d e^ 
then one pound at p would balance 
three pounds any where on the plane, 
c d, and so of all other quantities and 
proportions. 

233. Koads which are not level may be considered as in- 
clined planes, and the inchnation of a road is estimated by 
the height which corresponds to some proposed length. Thus, 
we say a road rises one foot in twenty, or one in fifty, mean- 
ing that if twenty or fifty feet of the road be taken, as the length of an in- 
clined plane, the corresponding height of such a plane would be one foot, and 
the difference of level between the two extremities of such a length of road 
would be one foot. 

_ , According to this method of estimatmg the inclination of 

roads to be roads, the power required to sustain, or draw up a load, frio- 
constructed? ^j^^ ^^^ considered, is always proportioned to the rate of ele- 
vation. On a level road, the carriage moves when the horse exerts a strength 
sufficient to overcome the friction ^nd resistance of the atmosphere ; but in 
going up a hill, where the road rises one foot in twenty, the horse, beside 
tiiesG impediments, is obliged to exert an extra force in the proportion of one 
to twenty, or, in other words, he is obliged to lifl one twentieth of the load. 
It is, therefore, bad policy ever to construct a road directly over the summit 
of a hill, when it can be avoided, because, in addition to the force necessary 



How do we es- 
timate the in- 
clination of 
roads? 
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in the inclined 
plane? 



to oyercome the fiiction ia drawing a heavy load up the steep inclioe, ym 
must add additional foroe to overcome the gravity, which acts parallel with 
the inclined plane of the road, and tends constantly to make the load roU 
back to the bottom of the slope. This force mcreases most rapidly with the 
steepness, and consequently requires an immense expenditure of power. 
An equal power expended on a road gently winding round the hill, with aa 
increase of speed, would gain the same elevation in much less time. 

An intelligent driver, in ascending a steep hill on which there is a broad 
road, winds from side to side, since by so doing he diminishes the abruptness 
of the ascent (the plane being made longer in pn^rtion to its height), and 
thus favors the horees. 

Our common stairs are inclined planes, the steps being merely for the pur- 
pose of obtaining a good foot-hold. 

234. In the inclined plane, as in all other simple machineSi 
Sined'^The * ^*"^ ^ power is attended with a corresponding loss of time, 
expense of time A body, in ascending an incli6ed plane, has a greater space 
to pass over than if it should rise perpendicularly. The time, 
therefore, of its ascent will be greater, and it will thus oppose 
less rerfstance, and consequently require less power. 

What iB a 235. The Wedge is a movable 

Wedge? inclined plane. It is also defined 
to be two inclined planes united at their bases, 
as A B, Fig. 89. 

In the inclined plane, the weight moves upon the plane, 
which remains stationary ; but in the wedge, the plane itself 
is moved under the weight 

236. The cases in which wedges are most 
In wnat cases 
are Wedges generally used in th^ arts, are those in which 

""tf? ^ ^® an intense force is required to be exerted through a very small 

spaca It is, therefore, used for spHtting masses of wood, or 

stone, for blocking up buildings, raising vessels in docks, and pressing out the 

oil from seeds. In this last instance, the seeds are placed in bags, between 

two surfaces of hard wood, which are pressed together by wedges. 

237. The usefulness of the wedge depends 
on friction ; for if there were no friction, the 

' wedge would fly back after each stroke of the 
driving force. 

238. The power of the wedge increases as 
the length of its back, compared with that of 
its sides, is diniiniehed. Hence, it follows that 

the power of the wedge is in proportion to its sharpness. 

The power commonly used in the case of the wedge, is not pressure, but 
percussion. Its edge being inserted mto a fissure, the wedge is driven in by 




Upon irbat 
does the influ- 
ence of the 
Wedge de- 
pend? 



Hov does the 
power of the 
Wedge in- 
crease? 
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What are fa- 
miliar exam- 
pies of the use 
or application 
of the Wedge 
in the arts? 



blows upon its back. The tremor produced when the wedge is struck with 
a violent blow, causes it to insinuate itself much more rapidlj than it other- 
wise would. 

239. The edges of all cutting and pierdng instruments^ 

such as knives, razors, chisels, nails, pins, etc., are wedges. 

The angle of the wedge in all these cases is more or 

less acute, according to the purpose to which it is applied. 

Chisels intended to cut wood have their edges at an angle of 
about 30° ; for cutting iron from 50° to 60°, and for brass about 80° to 90<^. 
In general, tools which are urged bj pressure admit of being sharper than 
those which are driven by percussion. The softer, or more yielding the sub- 
stance to be divided is, the more acute the wedge may be constructed. 

What is the 240. The Screw is an inclined plane wind- 
screw? jjjg round a cylinder. 

This may be illustrated by cutting a strip 
0f paper in such a way as to represent an in- 
clined plane^ and then winding it round a 
cylinder, or common lead pencil, as is repre- 



sented in Fig. 90. 



IhQ. 90. 



What is the 
Thread of a 
Screw? 




241. The edge of the 

inclined plane winding 

about the cylinder, or 
the coil of the spiral Une which 
it describes upon the cylinder, con- 
stitutes the Thread of the screw, 
and the distance between the suc- 
cessive coils is called the distance 

BETWEEN THE THREADS. 

The screw, surrounded by its spiral line is represented in Fig. 91. 

The screw is not applied directly to the resistance to be Fio. 91. 
overcome, as in the case of the inclined plane and wedge, but 
the power is transmitted by means of what is called the Nut. 

What is the 242. The Nut of a screw is a 
Nutofascrew? ]^i^q^^ ^j^j^ ^ Cylindrical cavity, 

having a spiral groove cut round upon the 
surface of this cavity corresponding with the 
thread of the screw. 

In this groove the thread of the screw will move by causing 
the screw to rotate. Each turn of the screw in the nut will cause it to advance 
or recede a distance just equal to the interval between the threads. 
Is the Screw, Generally, the nut is stationary and the screw movable, but 
moTa^?^"'* the nut may be movable, and the screw stationary. 
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HoTT 18 poirer ^^^' ^^^®^ ^ commonly applied to the acrew by means of 
appUed to the a lever, either attached to the nut, or to the head of the screwy 
Screw ? j^g gggjj Jq Pig Q2. By varying the length of this, the power 

may be indefinitely mcreased at the point of resistance. The screw, there- 
fore, acts with the combined power of the lever and the inclined plane. 

Thus, ui Fig. 92, /d is the lever, c the nut, 
a d the screw, and e the block upon which the 
substance to be pressed is placed. As in all the 
other simple machines, the advantage in this is 
estimated by the relative distances passed over 
by the power and the weight If the distance 
of the spiral threads of the screw is I inch, and 
the handle of the screw, that is the lever, is 2 
feet in length, then the extremity of the lever 
will describe a circle of over 12 feet in turning 
once round, but the screw will only advance 1 
inch. The ratio between the power and the 
weight will be, therefore, as 1 inch to 12 feet, or 
as 1 to 144. Consequently, if a man is capable 
of exerting a force of 60 pounds at the end of the lever, the screw will ad- 
vance with a force of 8,640 pounds. If the distance of the threads' had been 
•J an inch, the power exerted by the screw would have been doubled. In 
this illustration friction has not been taken into account; tliis will diminish 
the total effect nearly one fourth. 

How i8 the ad- 244. The advantage gained by the screw is 
by°t^^rew in proportion as the circumference of the circle 
estimated? dcscribcd by the power (that is by the handle 
of the lever) exceeds the distance between the threads of 
the screw. 

Hence the enormous mechanical force exerted by the screw is rendered 
evident There is no limit to the smallness of the jdistance between the 
threads except the strength it is necessary to give then) ; and there is no limit 
to the magnitude of the circumference to be describe<^ by the power, except 




the necessary &cility for moving it 
What .re f- "45 The screw is 

miliar appiica- generally used where 
ti^na^of the great pressure is to be 
exerted through small 



Fig. 93. 



hence its application in presses 
of all kinds; for extracting the juices 
of seeds and fruits, in compressing cot- 
ton, hay, etc., as also for coining and 
punching. For the two latter opera- 
tions it is caused to act with enor- 
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Describe the 
constraction 
and advantage 
of Hunter*! 
Screw. 



Pig. 96. 




mous energy by means of the momentum of two heavy balls attached to the 
end of a long lever, or handle, as is represented in Fig. 93. A force of sev- 
eral tons may thus be applied at one effort 

What i. \n ^*'^" ^^ ^^'^ ""^ ^ ^^"^ ^<». 9^ 

endieU ScrSf f ^^^^^ ^ ^® ^^^ 0^ a wheel, as 
is shown in Fig. 94, it constitutes 
what is called an endless screw. Such a con- 4) 
trivance is oftentimes a veiy convenient method ^J 
of applying power, *""* 

246. The ef&cacy of a screw 
increases with the fineness of 
the thread ; but a practical limit 
is soon attained, for if the thread 
be made too fine, it will become 
weak, and be liable to be torn off. To obtain 

an indefinite increase of the strength of the screw 
without diminishing the strength of the thread, we 
have a contrivance known as " Hunter's screw," rep- 
resented in Fig. 95. It consists of a screw, A, work- 
ing in a nut. To a movable bottom-board, D, a sec- 
ond screw, B, is aflftxed. This second screw works in 
the interior of A, which is hollow, and in which a 
corresponding thread is cut When, therefore, A is 
screwed downward, the threads of B pass upward, and 
the movable piece, D, urged forward by the screw 
which has the greater thread, it is drawn back by that 
which has the less ; so that during each revolution the 
screw instead of being advanced through a space equal 
to the breadth of either of the threads, moves through a space equal to their 
difference. Suppose the distance between the threads of A to be 1-2 0th of 
an inch, and of B 1-2 1st of an inch ; then in turning the screw A once, the 
board D will descend a distance equal to the difference between l-20th and 
1-2 1st, or the 1-42 0th of an inch. Hence, if the circle described by the han- 
dle be 26 inches while the screw advances l-420th of an inch, the power will 
be to the weight as 1 to 8,400. 

247. All machines, however complicated, are made up of combinations of 
the six simple machines. If we examine the construction of any complex ma- 
chine, as a steam-engine, a loom, a spinning machine, or a time-piece, we 
shall find that they are composed of simple levers, wheels and axles, 
screws, etc., connected together in an endless variety of forms, to form a 
complete whole. 
Is the moving 




In the practical application of machinery, it rarely or never 
ma- happens that the moving force is capable of producing directly, 
the particular kind of motion required by the machine to per- 
form the work to which it is adapted. Expedients must 
therefore be resorted to, by means of which the motions which the moving 



force in 
chinei 



sry 
plied directly i 



ap- 



THE ELEMENTS OF MACHHiEBY. Ill 

power is capable (^exerting direcdj can be ou u v ert ed into thoee which are 
necessary for the porpoees to which the machinft is applied. 

How^ many 248. The Varieties of motion which occur in 

till? %re ^Z machinery are divided into two classes, viz. : 

Sdae^?"""*" RoTABY and Bectilinbar Motion. 

whatiBRo!*- 249. In Botaiy Motion, the several parts 

ry Motion? rcvolve round an axis, each performing a com- 
plete circle, or similar parts of a circle, in the same time. 

.««..,« 250. In Bectilinear Motion, the several parts 

Wbat is Ree- -• • n i - i 

tiiinear Mo- of a moving body proceed m paralLel straight 
lines with the same speed. 

Examples of rotary motion are seen in all kinds of wheel work, and exam- 
ples of rectilinear motion in the rod of a common pmnp, the piston of a steam- 
engine, the motion of a straight saw. 

WhatisBeciiH ^^ rotary and rectilinear motion, if tiie i»aTts move con- 
rocatiag Mo- stantly in the same direction, the motion is called oontinoed 
^^"^ rotaiy, or continued rectilinear motioo. If the parts move 

alternately backward and forward in opposite directions, passing oxer the 
same spaces from end to end continually, the motion is called redprocatii^ 
motion. 

How are rota- 251. The method by whidi a power haTing one of these 
ryand redpro- motions may be made to conununicate the same or a different 
converted into kind of motion, inTolyes a lengthy description of a great 
each other? variety of machinery; but the nx)6t simple and common plan 
of converting rotary motion into rectilinear, and rectilinear motion back again 
into rotary, is by means of what is called a Orcmk. 

What is a 252. The Crank is a double winch, or han- 
crank? ^^e^ ^^^ ^ formed by bending an axle so as 
to form four right angles, facing in opposite directions. 

It is represented complete in Fig. 96. Attached _ 

to the middle of C D, by a joint, G, is a rod, H, 
which is the means of imparting power to the crank. 
ThLs rod is driven by an alternate motion, like the 
brake of a pump. The bar C D is turned with a ■ 
circular motion round the axle A F.* 
What disad- '^® disadvantage attending the 
vantages at- use of the crank is, that it is incapa- 
ofthe crank ?* ^^® ^^ transmitting a constant force 

to tiie resistance. This is illustrated in Fig. 97. In No. 1, 

• The terms axis, axle, arbor, and shaft, in mechanics, are generally understood to 
mean the bar, or rod, which passes through the center of a vheel. A gndgoon is the pin, 
or support, on which a horizontal shaft turns ; the pins npon which an upright shaft tumi 
are called pivots. 
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Fig. 97. 




where the arm of the crank is horizontal, the power 
from the rod acts with the greatest advantage, as 
at the extremity of a lever. But when tlie rod 
which communicates motion stands perpendicular 
with the arm of the crank, as in No. 2, which is 
the case twice during every revolution, the power, 
however great, can exert no effect upon the resist- 
ance, the whole force being expended in producing 
pressure upon the axle and pivots of the crank. 
Such a ffltuation of the rod and the arm of the 
crank is called the dead point, and when the ma- 
hinery stops, as is often the case, it is said to be 
"set," or "caught on its center." The difficulty is 
generally overcome by the employment of a fly- 
wheel (§ 21), which, by its inertia^ keeps up the 
motion. 

SECTION II, 



FBIOTIOK. 

What proper- 253. The most serious obstacle to the per- 
machia^^"!? foctioii of machinery is Friction; and it is 
loBt by friction? i^gually considcred to destroy one third of the 
power of a machine. 

254. Friction is of two kinds : sliding and 
kiSds of™ric^ rolling. Sliding friction is produced by the 

tion are there? ,. ,. i • /? j* .-i 

shdmg, or draggmg oi one suriace over another ; 
rolling friction is caused by the rolling of a circular body 
upon the surface of another. 

Friction increases as the weight, or pressure mcreases, as 
the surfeces in contact are more extensive, and as the rough- 
ness of the surfaces increase. With surfaces of the same 
material, fiiction is nearly proportional to the pressure. 

Friction diminishes as the weight or pressure is less, as the 
tioTdlSnirffJ Polisli or smoothness of the moving surfaces is more perfect^ 
and as the surfaces in contact are smaller. It may also be 
diminished by applying to the surfaces some unguent, or greasy material: 
oils, tallow, black-lead, etc., are commonly used for this purpose ; they dimin- 
ish firiction by filling up the minute cavities and smoothing the irregularities 
that exist upon the surface.* Oils are the best adapted for diminishing the 
fiiction of metals, a©d tallow the fiiction of wood. 

* All hodies, however mnch they may he polished, appear rough and uneven when 
examined if ith a microscope. 



How does fric- 
tion increase ? 
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What aro the ^^^* Friction, although an obstacle in the working of ma- 
advantages of chinerj generally, is not without some advantages. Without 
friction? Motion, the stones and bricks used in building would tend to 

fell apart from one another. When nails and screws are driven into bodies, 
with a view of holding them together, it Is friction alone that maintains them 
in their places. The strength of cordage depends on the friction of the short 
fibers of the cotton, flax, or hemp, of which it is composed, which prevents 
them from untwisting. In walking, we are dependent on friction for our 
foothold upon the ground; the difficulty of walking upon smooth ice illus- 
trates this most clearly. Without friction wo could not hold any body in tho 
hand; the difficulty of holding a lump of ice is an example of this. 'Without 
friction, the locomotive could not propel its load; for if the tire of the driving 
wheel and the rail were both perfectly smooth, one would slip upon the other 
without affording the requisite adhesion. 

256. Experiments seem to show that the friction of two 
tion between surfaces of the same substance is generally greater than tho 
different^ sub^ Miction of two unlike substances. The friction of polished 
Btanoei com- steel against polished steel, is greater than that of polished 
P*™^ steel upon copper, or on brass. So of wood and various 
other metals. 

257. For transporting very heavy timbers, or large castmga, 
w^is** 'usS wheels of great size are used, as by their use the weight is 
for transport- moved with greater facility, and the roughness of 'the road 
▼dghts? ^^ ™^^® easily overcome than with small wheels. The reason 

of this is, that the large wheels bridge over the cavities of the 
road, instead of sinking into them ; and in surmounting an obstacle, tlie largo 
circumference of the wheel, causes the load to rise very gradually. 

The refflstance of sliding friction is much greater than that of rolling fric- 
tion. In the wheel of a carriage there is rolling friction at the circumference 
of the wheel, but sliduig friction at the axles. In a locomotive, the so-called 
driving wheels are turned by the force of the Bteam>engine ; the whole car- 
riage rolls on in consequence of this rotation ; fi>r if the locomotive were to 
remain at rest, the wheels could not revolve without sliding on the rails, and 
overcoming a great amount of sliding friction ; but by rolling, the wheels have 
only the jnuch smaller rolling friction to overcome. The machine, therefore, 
moves onward, this being the direction in which its motion will experience 
the least resistanca 

The load which a locomotive is capable of drawing depends, not only upon 
the force of its steam power, but also upon the weight of the engine, or, in 
other words, upon the pressure of the driving wheels upon the rails, the fric- 
tion increasing with the pressure. If we assume that two locomotives have 
equally strong engines, but that one is heavier than the other, a greater 
weight will be propelled by tho heavier of tho two. 

Friction is generally resorted to as the most convenient method of retard- 
ing the motion of bodies, and brint^ing them to rest. The different modifica- 
tiona of machinery employed for this purpose are termed Brakea^ 
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PRACTICAL PROBLEMS IN MECHANICS. 

1. What must be the hone-power of a locomotive engine which moves at the constant 
Bpeud of -J5 miles per hour, on a level track, the weight of the train being 60 tons, and the 
resistance from friction being equal to 430 pounds P 

2. If a lever, twelve feet long, have its fulcrum 4 feet from the weight at one end, and 
this weight be 12 pounds, what power at the other end wiU balance t 

3. In a lever of the first class a power of 20 at one end balances a weight of 100 at the 
other : what is the comparative length of the two armsf 

4. In a lever of the first dasa, 6 feet in length, the power is 75, and the weight 150 
pounds: where must the fulcrum be placed in order that the two may balance f 

5. Two persons carry a weight of 200 pounds suspended from a pole 10 feet long ; one 
of them being weak can carry only 75 pounds, leaving the rest of the load to be carried 
by the other : how far firom the end of the pole must the weight be suspended ? 

6 A lever of the second class is 20 feet long : at vbat distance from the fulcrum must 
a weight of 80 pounds be placed in order that it nay be sastained by a power of 60 
pounds y 

7 In a lever of the third class, 8 feet long, what power will be required to balance a 
weight of lUO pounds, the power being applied at a distance of 2 feet ftom the fulcrum? 

8 A power of 5 pounds is required to lift a weight of 20, by means of the wheel and 
axle : what must be the proportionate diameters of the wheel and axle f 

9. A power of 60 acts on a wheel 8 feet in diameter : what weight suspended from a 
rope wiuding round an axle 10 inches in diameter will balance this power? 

10 In a set of cog-wheels the diameters of wheel and axle are, first 7 and 2, 
second 8 and 1, third 9 and 1 : a power of 25 being applied at the circumference of tiie 
first wheel, what weight will be sustained at the axle of the third ? 

11. What weight will a power of 3 sustain with a system of 4 movable pulleys, one 
cord passing round all of them ? 

12. Suppose a power of 100 pounds applied to a set of 1^ movable puUeys, what weight 
will it sustain, allowing a deduction of two thirds for fiiction? 

13. If a man is able to draw a weight of 200 pounds up a perpendicular wall 10 feet 
high, how much will he be able to draw up a plank 40 feet long, sloping from the top of 
the wall to the ground, no allowance being made for friction ? 

Soluti(m.^Ia this the height (10) is to the length (40) as the weight (200) is to the re- 
quired weight 

14. If a man has Just strength enough to lifl; a cask weighing 196 pounds perpendicu> 
larly into a wagon 3 feet high, what weight c^ld he raise by means of a plank 10 feet 
long, with one end resting upon the wagon, and the other on the ground ? 

15. The length of a phine is 12 feet, the height is 4 feet i what is the proportion of the 
power to the weight to be raised ? 

16 The distance between the threads of a screw belnof half an inch, and the circumfer- 
ence describad by the power 10 feet, what proportion will exist between the power and 
the weight ? 

Soltjtion. — The power will he to the wefeht ns half an inch, the distance hp.twecn the 
threads, is to 10 feet (240 half inches), the circumference flcf^crlbp/^ bv the power =1 fo MO. 

17. A power of 20 pounds acting at \ho end of a lever attached to a screw describes a 
circle of 1 00 inches : what resistance will the power overcome, the distance between the 
threads of the screw being 2 inches? 



CHAPTER VII. 

ON THE STRENGTH OP MATERIALS USED IN THE ARTS, AND 
THEIR APPLICATION TO ARCHITECTURAL PURPOSES. 



SECTION I. 

THE STRENGTH OF HATEBIALS. 



uponvhiitdoefl 258. When materials are employed for 
?LS^\^ mechanical purposes, their power, or strength, 
pend? £qp resisting external force, apart from the na- 

ture of the material, depends upon the shape of the 
material, its bearing, or manner of support, and the nature 
of the force applied to it. 

Under what cir- 259. A beam, or bar, will sustain the greatest 
a^'Slm^^sSS application of force, when the strain is in the 

the^^greatest dirCCtioU of itS ICUgth. 

260. The strongest of all metals for resisting tension, or a 
strength of dif- direct pull, is iron in the condition of tempered steel. The 
ferent substan- strength of metals is affected by their temperature, being 
ces vary diminished, in general, as their temperature is raised. Wood 

of the same kind is subjected to very great variations of strength. Trees 
that grow in mountainous or windy places, have greater strength than 
those which grow on plains; and the different parts of a tree, such as the 
root, trunk, and branches, possess different degrees of strength. Chords of 
equal thickness are strong in proportion to the fineness of their strands, and 
also to the fineness of the fibers of these strands. Ropes which are damp, 
are stronger than those which are dry; those which are tarred than the un- 
tarred, the twisted than the spun, the unbleached than the bleached. Other 
things being equal, a rope of silk is three times stronger than a rope of flax. 
How does the 261. Of two bodics of similar shape, but of 
affecf ite^''^^ different sizes, the larger is proportionably the 
strength? weaker.* 

* A knowledge of the strength of various materials In resisting the action of forces ex- 
erted in different directions, is of great importance in the arts. In the following tables 
are collected the results of the most recent and extensive experiments upon this suhjccl^ 
The bodies suhjected to experiment are supposed to be in the form of long rods, the cross- 
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That a large body may have the proportionate strength of a smaller, it must 
contain a greater proportionate amount of material ; and beyond a certain 
limit, no proportions whatever will keep it together, but it will &11 to pieces 
by its own weight This fact limits the size, and modifies the shape of most 
productions of nature and art — of trees, of animals, of architectural or mechan- 
ical structures. 

In whsit posi- 262. The strength of a rectangular beam, or 
t!in"gijar\Sm ^ bcam in the form of a parallelogram, when 
the strongest? j^g narrow sido is horizontal, is greater than 
when its broad side is horizontal, in the same proportion 
that the width of its broad side is greater than the width 
of its narrow side. 

Hence, in all parts of structures where beams are subjected to transverse 
strain, as in the rafters of roofs, floors, etc^ they are always placed with their 
narrow sides horizontal, and their broad sides vertical 



section of irhieh measures a square inch ; in the second column is giren the amount of 
breaking weights, which are the measure of their strength in resisting a direct pull. 

Name. Ib». 

Ist Metals;— 



Steel, tempered firom 114794 to 168471 

Iron, bar " -^"^"" "'"'^ 

— plate, rolled.. 

— wire 

— Swedish mal- 

leable 

— English do. . 

— cast. 

Silrer, cast 

Copper, do. 

— hammered. 
Brass, cast 

— wire 

— plate 

Gold 

Tm. 



63182 — 84611 

53920 

68736—112905 

72064 
66872 

16243 — 19464 
40997- 

20320 — 37380 
87770—89968 
17947 — 19472 
47114 — 68931 
62240 

20400 — 65237 
3228— 6666 



Name. 
Metals;— 

Tin, cast. fi'om 

Zinc " 

Lead, wire " 



2d. Woods ;— 

Teak " 

Sycamore " 

Beech " 

Elm " 

Larch " 

Oak " 

Alder " 

Box " 

Ash " 

Pine »' 

Fir " 



4736 




i820 




2643 to 


3823 


12915 — 


15405 


9630 




12225 




9720 — 


15040 


10240 




10367 — 


26851 


11453 — 


21730 


14210 — 


24043 


134S0 — 


23465 


10038 — 


149G5 


6991 — 


12876 



The following table shows the average weights sustained bj wires of different metals, 
each haying a diameter of about one twelfth of an inch ; 



Lead 27 pounds. 

Tin...." 34 " 

Zinc 109 " 

Gold 160 " 



Silver 187 pounds. 

Platinum 274 " 

Copper 303 " 

Iron 649 " 



Cords of different materials, but of the same diameter, sustained the following weights : 
Common flax 1175 pounds. I New Zealand flax 2380 pounds. 



Hemp . 



1633 



Silk. 



3400 



The following table shows the weights necessary to crush columns or pillars composed 
of different metals ; the numbers expressed in the second column being the total crush- 
ing weight in lbs. per square ifth : 



lbs. 



Iba. 



Name. 
1st. Metals: 

Cast iron from 116813 to 17n76 

Brass, fine " 164864 

Copper, molten " 11 7088 

— hammered. " 108040 

Tin, molten »' 16456 

Lead, molten ** 7728 



Name. Ibfc n». 

2d. Woods:— 

Oak. from 3860 to 5147 

Pine " 1928 

Elm " 1284 

3d. Stones: — 

Granite " *370 

Sandstone " 2556 

Brick, weU baked " 1092 



OK THE STBENGTH OF HATEBIALS. 
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The strength of a structure depends, m a very great degree, on the manner 
in which the several parts are joined together, and by a skillful combination, 
or interlocking, very weak and fragile materials may be made to resist the 
action of powerful forces. Examples of this occur in the manufacture of 
ropes, strings, thread, etc. ; in the weaving of baskets, and especially in the 
structure of cloth ; in this last instance, a series of parallel threads csdled the 
•pjQ 93 woof, is made to interlock with 

„ , .. .. another series of threads called 

_^i-li-1-iJ-.f..1t_||JL]LjlJ| lUMUl !|^ 




iHrinrihfiHrjMHf 



the warp, runnmg transversely 
across, and passing alternately 
over and under the first series. 
Fig. 98 represents the appear- 
ance of a piece of plain cloth 
seen through the microscope; 
the alternate intersections of 
the threads are seen in the 



threads, and the cross line the woo£ 

263. When a single beam can not be found deep enough 
to have the strength required in any particular case, seveRil 
beams may be joined together, in a variety of ways, so that 
very great strength is obtained without a very great increase 
of bulk. Such methods of joining timber are known as 
scarfing and interlocking, tonguing, dovetailing, mortis- 



ing, etc. 



Fig. 99. 




s \ 



What is scarf- 
ing and inter- 
locking? 



264. Scarfing and interl^king is the method 
of insertion in which the ends of pieces over- 
lay each other, and are indented together, so 
as to resist the longitudinal strain by extension, as in tie 
bearers and the ends of hoops. (See Fig. 99.) 

265. Tonguing is that method of insertion in which tho 
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What is 
ioQguing? 

What is dore- 
taiiing? 

which the 



What is mor- 
tising? 




edges of boards are wholly, or partially received 
by channels in each other. 

266. Dovetailing is a Fig. lOO. 
method of insertion in 
parts are connected by 

ivedgt'Shaped indentations which per- 
mit them to be separated only in one 
direction. (See Fig. 100.) 

267. Mortising is a method of iAsertion in 
which the projecting extremity of one timber is 

received into a perforation in another. (See Fig. 101.) The 
Fig. 101. opening or hole cut in 

one piece of wood to re- 
ceive or admit the pro- 
jecting extremity of an- 
other piece, is called a 
mortise ; and the end of 
the timber which is re- 
duced in dimensions so 
as to be fitted into a mor- 
tise, for fastening two timbers together, is called a tenon. 

268. The form in which a given quantity of 
matter can be arranged in order to oppose the 
greatest resistance to a bending force, is that 
of a hollow tube, or cylinder ; and the strength 
of a tube is always greater than the strength 

of the same quantity of matter made into a solid rod. 

What are ii- "^^^ °^^^* beautiful and striking illustrations of this princi- 
lustrations of pie ocxjur in nature. The bones of men and animals are hol- 
this principle ? Jq^^ q^^ nearly cylmdrical, because they can in this form, 
with the least weight of material, sustain the greatest force. The stalks of 
numerous species of vegetables, especially the grain-bearing plants, as wheat, 
rice, oats, etc., which are required to bear the weight of the ripened ear of 
grain, or seed, are hollow tubes, and their strength, compared with their 
lightness, is most remarkable. In this form they not only sustain the crush- 
ing weight of the ear which they bear at the summit, but also the force of the 
wind. In the construction of columns for architectural purposes, especially 
those made of metal, this principle is taken advantage of.* 
* In that most gigantic work of modem engineering, tbe Britannia Tubular Bridge, 




In what form 
can a given 
quantity of 
matter be ar- 
ranged to op- 
pose the great- 
est resistance? 
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.^^ . 269. A beam, supported at its two ends, when bent by its 

bent in the weight in the middle, has its Hability to break greatly in- 
to^break?^^* creased, because the dtstroyi/ig force acts with the advantage 
of a long lever, reachuig from tlie end of the beam to the een- 
ter ; and the resisting force or strength acts only with the force of a short levtr 
from the side to the center ; at tlie same time, a little only of the beam on the 
under side is allowed to resist at aU. 

This last circumstance is bo remarkable, that the scratch of a pin on the 
under side of a beam, resting as here supposed, will sometimes suffice to begin 
the fracture.* 

SECTION II. 

APPLICATION OF MATEBIALS FOB ABCHITEGT0RAL OB BTUCCTUBAL PTTBPOSES. 

lYiutisArchi- 270. Architecture, in its general sense, is the 
*^*"® art of erecting buildings. In modern use, the 
name is often restricted to the external forms, or styles of 
buildings. 

To what do "^^ different varieties of architecture undoubtedly owe their 
the different origin to the rude Structures which the climate or materials of 
Irehtte^tare^^ ^^ country obUged its early inhabitants to adopt for tempo- 
iPprobabiy owe rary shelter. These structures, with all their prominent fea- 
their origin tures, have been afterward kept up by their refined and 

opulent posterity. Thus the Egyptian style of architecture had its origin in 
the cavem, or mound. The Chinese architecture is modeled from a tent; the 
Grecian is modeled from the wooden cabin ; and the Gothic, it haB been sug- 
gested, from the bower of trees. 

On what does 271. Thc Strength of a building will princi- 
a buiidinfprilf- P^lly depend on the walls being laid on a good 
dpaiiydepend? ^j^^j ^j.^ foumlatiou, of Sufficient thickness at 
the bottom, and standing perfectly perpendicular. Its 
usefulness will depend upon a proper arrangement of ils 
parts. 

crossing the Menai Straits, which separate the island of Anglesea from the mainland of 
Great Britain, advantage has been taken of the strength of matter arranged in the form 
of a tube or hollow cylinder. The entire bridge is formed of immense rectangular tub< s 
of iron, 26 feet high in the center, 14 feet wide, and having an entire length of 15' 3 feet, 
with an elevation above the water of more than 100 feet. The sides of the tubes arc also 
composed of smaller tnbes, united together in a peculiar manner, eo as to obtain the 
maximnm of strength from the form of structure ; and so great is this strength, that >i 
train of loaded cars, weighing 280 tons, and impelled with great velocity, deflects the 
tubes in their centers less than three fourths of an inch. The entire weight of the tubes 
composing this bridge is upward of 10,500 tons, the length of two of the spans, or distances 
between the points of support, being 460 feet each. The same amount of iron in the form 
of » scdid rod or b«am, would not probably have sustained itg own weight 
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272. A PILE, in architecture and engineer- 
mg, 18 a cylinder of wood or metal pointed at 
one extremity, and driven forcibly into the earth, to serve 
as a support or foundation of some structure. It is gen- 
erally used in marshy or wet places, where a stable found- 
afcion could not otherwise be obtained. 

.^^ . In constructing columns for the support of the various parts 

umii8 Bupport- of a building, or of great weights, fhey are made smaller at 
larger ^T^ttS ^® *^P ^^^ ^ *^® bottom, because the lower part of the 
bottom than column must sustain not only the weight of the superior part, 
the top? Yj,xxt also the weight which presses equally on the whole 

column. Therefore the thickness of the column should gradually decrease 
from bottom to top. 

What is an 273. Au ARCH is a concavc or hollow struct- 
"^' ure, generally of stone or brick, supported by 
its own curve. 

The base of an arch is supported by the support upon which it rests, while 
aU the other parts constituting the curve are sustained in their positions by 
their mutual pressure, and by the adhesion of the cement interposed between 
their sur&ces. 
A continued arch is termed a vault. i 

An arch is capable of resisting a much greater amount of 
stronger ° ^n pressure than a horizontal or rectangular structure constructed 
* ^**"^?°^ o^ *^® ^'^"^^ materials, because the arrangement of the mate- 
rials composing the arch is such, that the force which would 
break a horizontal beam or structure is made to compress all the particles of 
the arch alike, and they are therefore in no danger of being torn or overcome 



274. The vertical wall which sustains the base of an arch 

abutment?"* is termed an abutment: when there are two contiguous 

arches, the intermediate supporting wall is called a pier. 

A beautiful application of the principles of the arch exists 

lustrationg of ^ ^^^ human skull, protecting the brain. The materials are 

of IhSarch^?^^* here arranged in such a way as to afford the greatest strength 

with the least weight The shell of an egg is constructed 

upon the principle of the arch ; and it is almost impossible to break an egg 

with the hands, by pressing directly upon its ends. A thin watch-glass, for 

the same reason, sustains great pressure. A dished or arched wheel of a 

carriage is many times stronger to resist all kinds of shodcs than a perfectly 

flat wheel A full cask may fall without damage, when a strong square box 

would be dashed to pieces. 

What is an 275. By au order in architecture we under- 
tecttTreV^*^ ' stand a certain mode of arranging and decor- 
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ating a column, and the adjacent parts of the structure 
v^ which it supports or adorns. 

How many or- 276. Fivc ordcrs afc recognized in architec- 
^"re *""; ture— the Doric, Ionic, and Corinthian, de- 
there? rivcd from the Greeks ; to these the Romans 

added two others, known as the Tuscan and Composite. 
What is a Pi- 277. A Pilaster is a square column gener- 

laster? ^jj^ g^^ withiu a Wall, and not standing alone. 
What ia a Pop- 278. A Portico is a continued range of col- 

*^' umns, covered at the top to shelter from the 

weather. 
What are Bai- 279. Balustcrs arc small columns, or pillars 

usters? Qf wood, stouc, ctc, nscd in terraces or tops 
of buildings for ornament ; also to supporWa railing. When 
continued for some distance, they form a balustrade. 
Into what two 280. Au ordcr, in architecture, consists of 
OTdTr^Taroh^ ^^^ principal members — the column and the 
tecture divided? eutablaturc -cach of which is divided into 
three principal parts. 

What is the 281. The Entablature is the horizontal con- 

Entabiature? tiuuous portiou which rcsts upon a row of 
columns. 

Into how many It is divided into the architrave, which is the lower part of 

parts is the En- ^q Entablature; the frieze, which is the middle part: and 
taolature di- , . , . , . ^^ » 

Tided? the cornice, which is the upper, or projecting part 

282. The column is divided into the base. 

Into how many , ' 

parts ia the the shaft, and the capital. 

colanm divided f ' ,. . - , » 

The base is the lower part, distinct from the shaft ; the 

shaft is the middle, or longest part of the column ; the capital is the upper, or 

ornamental part resting on the shaft. 

The height of a column is alwajrs measured in diameters of the column 

itseH taken at the base of the shaft. Thus we say the height of the Doric 

column is six times its diameter, and the height of the Corinthian, ten diam- 

etera Fig. 102 represents the various parts of an order of architecture. 

What is the 283. The FaQade of a building is its whole 
l^Af ' front. 

Architecture ought to be considered as a useful, and not af 
a fine art It is degrading the fine arts to make them entirely subservient to 
utility. It is out of taste to make a statue of Apollo hold a candle, or a fine 

6 
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painting stand as a fire-board. Our houses are for use, and architecture is, 
therefore, one of the useful arts. In building, we should plan the inside first, 
and then the outside to cover it It is in bad taste to construct a dweUing- 
house in the form of a Grecian temple, because a Grecian temple was intended 
for external worship, not for a habitation, or a place of meeting.* 

FiQ. 102. 



Entablature. . 



Colvmn. 



Stylobata, or Pe- . 




284. In selecting a stone for architectural purposes, we may 
be able to form an opinion respeding its durability and per- 
manence. By visiting the locality from whence it was ob- 
tained, we may judge from the surfaces which have been long 
exposed to the weather if the rock is liable to yield to atmos- 
pheric influences, and the conditions under which it does so. For example, 
if the rock be a granite, and it be very uneven and rough, it may be inferred 
that it is not veiy durable; that the feldspar, which forms one of its compo- 

* Prof. Henrjr. 



How maj an 

estimate of the 
dnrabUity of 
stone for archi- 
teetural pur- 
poses be made? 
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nent parts, is more readily decomposed by the action of moisture and frost 
than the quartz, which is another ingredient ; and therefore it is very unsuit- 
able for building purposes. Moreover, if it possess an iron-brown or rusty 
appearance, it may be set down as highly perishable, owing to the attraction 
which this iron has for oxygen, causing the rock to increase in bulk, and so 
disintegrate. 

Sandstones, termed freestones, are ill adapted for the external portions of 
exposed buildings, because they readily absorb moisture ; and in countries 
where frosts occur, the freezing of the water on the wet surface continually 
peels off the external portions, and thus, in time, all ornamental work upon 
.the stone will be de&ced or destroyed- 



CHAPTER VIII. 

HYDROSTATICS. 

S^SLifH^- ^^^* Hydrostatics is that department of 
drostatics? Physical Science which treats of the weight, 
pressure, and equilibrium of water,* and other liquids at 
rest. 

* Water is a fluid composed of oxygen and hydrogen, in the proportion of 8 parts of 
oxygen to 1 of hydrogen. It is one of the most abandant of all substances, constituting 
three fourths of the weight of liying animals and plants, and covering about three-fifths 
of the earth's surface, in the form of oceans, seas, lakes, and rivers. 

In the northern hemisphere the proportion of land to water ib as 419 to 1000 ; while in 
the southern hemisphere it is as 129 to 1000. The maximum depth of the ocean has never 
been ascertained. Soundings were obtained in the South Atlantic in 1863, between Rio 
Janeiro and the Cape of Good Hope, to the depth of 48,000 feet, or about 9 miles. Other 
soundings, made during the recent U. S. survey of the Gulf Stream, extended to the 
depth of 34,200 feet without finding bottom. The average depth of the ocean has been 
estimated at about 2000 fathoms. 

Notwithstanding this apparent immensity of the ocean, yet, compared with the whole 
hulk of the earth, it is a mere film upon its surface ; and if its depth were represented on 
an ordinary globe, it would hardly exceed the coating of varnish placed there by the 
manufacturer. 

The source of all our terrestrial waters is the ocean. By the action of evaporation upon 
its surface, a portion of its water is constantly rising into the atmosphere in the form of 
vapor, which again descends in the form of rain, dew, fog, etc. These waters combine to 
form springs an4 rivers, which all at last discharge into the ocean, the point from wliich 
they originally came, thus forming a constant round and circulation. " All the rivers 
run into the sea, yet the sea is not full," because the quantity of water evaporated from 
the sea exactly equals the quantity poured into it by the rivers. In nature, water is 
never found perfectly pure ; that which descends as rain is contaminated by the impuri- 
ties it washes out of the air; that which rises in springs by the substances it meets with 
in the earth. Any water which contains less than fifteen grains of solid mineral matter in 
a gallon, is considered as comparatively pure. Some natural waters are known so pure 
that they contain only l-20th of a grain of mineral matter to the gallon, but such instances 
are very rare. Water obtained from different sources may be classed, as regards com- 
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^?Mibte*"^?d 286. Liquids have but a slight degree of 
elastic? comprcssibility and elasticity, as compared 

with other bodies. 

,^^ 287. The elasticity of water may be shown ia various ways, 

trations of the When a flat stone is thrown so as to strike the surface of 
eiasticitjofwa- ^^ter nearly horizontally, or at a slight angle, it rebounds 

with considerable force and frequency. Water also dashed 
against a hard sur&ce shows its elasticity by flying off in drops in angular 
directions. Another familiar example of the elasticity of water is observed, 
when we attempt to separate a drop of water attached to some surface for 
which it has a strong attraction. The drop will elongate, or allow itself to be 
drawn out to a considerable degree, before the cohesion of its constituent par- 
ticles is wholly overcome; and if the separating force is at any time relaxed, 
or discontinued, the elasticity of the water will restore the drop to very nearly 
its original form and position. Mercury is much more elastic than water, and 
rebounds from a reflecting surface with considerable velocity and violence. 
The exercise of both the elastic and compressive principle is, however, so ex- 
tremely limited in liquids, that for all practical purposes this form of matter ia 
regarded as inelastic and uncompressible ; or, in other words, the elasticity 
and compressibility of water produce no appreciable effects. 
To what ex- "^^^ compressibility of water is not so easily demonstrated 

tent has water as is its elasticity, although the elasticity is a direct conse- 
presaedT^' quent of the compressibility. An experiment of Mr. Perkins 

showed that water, under a pressure of 15,000 pounds to the 
square inch, was reduced in bulk 1 part in 24. 

j^ , . 288. In liquid bodies, as has been already shown (§§ 34, 

nerdothepar- 36), the attractive and repulsive forces existing between the 
raove**^^^upon Particles are so nearly balanced, that the particles move upon 
each other ? each other with the greatest facility. The particles which 

make up a collection of fine sand, or dust, also move upon 
each other with great facility : but the particles of a liquid possess this addi- 
tional quality, viz., that of moving upon themselves without friction. The 
particles of no solid substance, however fine they may be rendered, possess 
this property. 

289. From this is derived a great fundamental principle lying at the basis 
of all the mechanical phenomena connected with liquid bodies, viz. : — 

parative purity, as follows ; Bain water must be considered as the purest natural water, 
especially that which falls in districts remote from towns or habitations; then comes 
river water ; next, the water of lakes and ponds ; next, spring waters ; and then the 
waters of mineral springs. Succeeding these, are the waters of great arms of the ocean, 
into which immense rivers discharge their volumes, as the water of the Black Sea, which 
is only brackish ; then the waters of the ocean itself: then those of the Mediterranean 
and other inland seas ; and last of all, the waters of those lakes which have no outlet, as 
the Dead Sea, Caspian, Great Salt Lake of Utah, etc etc. 

All natural waters contain air, and sometimes other gaseous substances. Fishes and 
other marine animals are dependent upon the air which water contains for their respira- 
tion and existence. It is owing to the presence of ai> In water that it sparkles and 
bubbles. 
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What great law 
eonstitutes the 
basis of aU the 
mechanical 
phenomena of 
liquids f 




290. Liquids transmit pressure equally to 
all directions. 

This remarkable property constitutes a very characteristic 
distinction between sohds and liquids ; since solids transmit 
pressure only in one direction, viz., in the line of the direction 

of the force acting upon them, while liquids press equally in all directioD% 

upward, downward, and sideways. 

«, _x_ X ^^ III order to obtain a clear FiO. 103. 

lUnstrate the 

eqaaiitj of understanding of the prind- 

pr^ure in Uq- pi^ ^f ^ jje equaUty of pressure 
in liquids, let us suppose a 

vessel, Fig. 103, of any form, in the sides of 

which are several tubular openings, ABC 

D E, each closed by a movable piston. If 

now we exert upon the top of the piston at 

A, a downward pressure of 20 pounds, this 

pressure wiU be communicated to the water, 

wliich will transmit it equally to the internal 

face of all the other pistons, each of which 

will be forced outward with a pressure equal to 20 pounds^ provided their 

surfaces in contact with the water are each equal to that of the first piston. 

But the same pressure exerted on the pistons is equally exerted upon all parts 

of the sides of the vessel, and therefore a pressure of 20 pounds upon a square 

inch of the surface of the piston A, will produce a pressure of 20 pounds upon 

every square inCh of the interior of the sur&ce of the vessel containing the 

liquid. 

Fig. 104 The same principle may 

also be shown by another 
experiment. Suppose a 
cylinder, Pig. 104, in which 
a piston is fitted, to termi- 
nate m a globe, upon the 
sides of which are little 
tubular openings. If the 
globe and the cylinder are 
filled with water, and the 
piston pressed down, the 

liquid will jet out equally from all the orifices, and not solely firom the one 

which is in a direct line with, and opposite to the piston. 

, ^ , 291. This property of transmitting pressure equally and 

In what man- « , . f. *!. . . « , . \. i- • j 

ner may a Uq- fi*eely m every direction, is one m vutue of which a liqmd 

n^l^e?** * becomes a machine, and can be made to receive, distribute, 

and apply power. Thus, if water be confined in a vessel, 

and a mechanical force exerted on any portion of it, this force will be at once 

transmitted throughout the entire mass of liquid. 
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What is the Hj. The effects of the practical application of this principle are 
drostaUc Para- go remarkable that it has been called the Hydrostatic Tara- 
dox, since the weight, or force, of one pound, applied through 
the medium, of an extended surface of some liquid, may be made to produce 
a pressure of hundreds, or even thousands of pounds. Thus, in Fig. 105, A 
Fig. 105. ^^^ ^ ^® ^^^ cylinders containing water connected 

by a pipe, each fitted with a piston in such a way as 
to render the whole a close vessel. Suppose the 
area of the base of the piston, p, to be one square 
f f^ inch, and the area of the base of the piston, P, to be 
1,000 square inches. Now any pressure applied to 
the small piston vnll be transmitted by the water to 
the large piston ; so that every portion of surfece in 
the large piston will be pressed upward with the 
same force that an equal portion of the surface in the small piston is pressed 
dovmward. A pressure, tlierefore, of 1 pound acting on the base of the pis- 
ton jp, will exert an outward pressure of 1,000 pounds acting on the base of 
the piston P ; so that a weight of 1 pound resting upon the piston j?, would 
support a weight of 1,000 pounds resting upon the piston P. 

The action of the forces here supposed differs in nothing 
How do the fi-Qm ti^^t ^f ]^q forces acting on a lever having unequal 
in the Hydro- arms in the proportion of 1 to 1,000. A weight of 1 pound 
cSnpar" wSh ^^^S ^^ *b^ longer arm of such a lever, would support, or 
the forces act- raise a weight of 1,000 pounds acting on the shorter arm. 
of a^leyer?*"** "^^ Hquid contained m the vessel, in the present case, acts 
as the lever, and the inner surface of the vessel contaming 
it acts as the fulcrum. If the piston p descends one inch, a quantity of 
water which occupies one inch of the cylinder a will be expelled from it, and 
as the vessel A a is filled in every part, the piston P must be forced upward 
until space is obtained for the water which has been expelled from the cylin- 
der a. But as the sectional area of A is 1,000 times greater than that of a, 
the height through which the piston P must be raised to give this space, will 
be 1,000 times less than that through which the piston p has (descended. 
Therefore, while the weight of 1 pound on p has moved through 1 inch, the 
weight of 1,000 pounds on P will be raised through only l-l,000th part of an 
inch. If tliis process were repeated a thousand times the weight of 1,000 
pounds on P would be raisod through 1 inch ; but in accomplishing this, the 
weight of 1 pound acting on P would be moved successively through 1,000 
inches. The mechanical action, therefore, of the power in this case, is ex- 
pressed by the force of 1 pound acting successively through 1,000 inches, 
while the mechanical effect produced upon the resistance is expressed by 1,000 
pounds raised throujrh 1 inch. 

< What is a Hv- ^92. The Hydraulic, or Hydrostatic 
drauiic Press? Pkess, Is a machine arranged in such a man- 
ner, that the advantages derived from the principle that 
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liquids transmit pressure equally in all directions, may be 
practically applied. 

The principle of the construction and action of the hydraulic press is ex- 
plained in the preceding paragraph (§291), and Fig. 105, represents a section 
of its several parts. pj^ ^Qg 




Fig. 106 represents the hydraulic press as constructed for practical purposes. 
In a small cylinder, A, the piston of a forcing-pump, P, works by means of 
the handle M. The cylinder of the forcing-pump, A, connects, by means of a 
tube, K, leading from its base, with a large cylinder, B. In this moves also 
a piston, P, having its upper extremity attached to a movable iron plate, 
which works freely up and down in a strong upright frame-work, Q. Be- 
tween this plate and the top of the frame- work the substance to be pressed is 
placed. To operate the press, water is raised in the forcing-pump. A, by 
raising the handle M, from a small reservoir beneath it, a; by depressing the 
handle, the water filling the small cylinder A is forced through a valve, H, 
and the pipe K, into the larger cylinder B, where it acts to raise the larger 
piston, and causes it to exert its whole force upon the object confined be- 
tween the u:on plate and the top of the frame-work. If the area of the base 
of the piston jj is a square inch in diameter, and the area of the base of the 
piston P 1,000 square inches, then a downward pressure of one pound on p 
will exert an upward pressure of 1,000 pounds on P. 
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As thus constructed, the hydraulic press constitutes the most powerful 
mechanical engine with which We are acquainted, the limits to its power 
being bounded oiJy by the strength of the machinery and material By 
means of ibis preBs, cotton is pressed into bales, ships are raised from the 
wuler for repair, cliaiu-cables are tested, etc. eta 

Will iiqiiida 293. As liquids transmit pressure equally in 
Sr"wcii'^*M ^11 directions, it follows that any given portion 
downward? ^f ^^ liquid Contained in a vessel will press up- 
ward upon the particles above it, as powerfully as it 
l)resse8 downward upon the particles below it. 

„ , .. This fact may be illustrated by means of 

How 18 the op- , " , . ^j' ^ _ - 

ward proMure the apparatus represented m Fig. 107. If 

^y^T^rimen^ * P^**® ^^ "^^^ ^' ^ ^^^^ ^^"^ t^® ^^ 
torn of a glass tube, g^ by means of a string, 

t', and immersed in a vessel of water, the water being up to 

the level n n, the plate £ will be sustained in its place by the 

upward pressure of the water; to show that this is the case, 

it is only necessary to pour water into the tube ^, until it 

rises to the level n n^ when the plate will immediately fall, 

the upward pressure below the plate B being neutralized 

by the downward pressure of the water in the tube g, 

" Some persons find it difficult to understand why there 

should be an upward pressure in a mass of liquid, as well 

as a downward and lateral pressure. But if m a mass of 

liquid the particles below had not a tendency upward equal 

to the weight, or downward pressure of the particles of liquid above them, 

they could not support that part of the liquid which rests upon them. Their 

tendency upward is owing to the pressure around them from which they are 

trying to escape."* 

294. The pressure exerted by a 
column of liquid is proportioned to, 
or measured by the height of the 
column, and not by its bulk, or 
quantity. 

If we take a tube in the form of the letter IT, with one of its 
branches much smaller than t!ie other, as in Fig. 108, and pour 
water into one of the branches, we shall find that the liquid 
will stand at the same height in both tubes. The great mass 
of liquid contamed in the large tube. A, exerts no more press- 
ure on the liquid contained in the small tube, D, than would a 
smaller mass contained in a tube of the same dimensions as D. 
And if A contained 10,000 times the quantity of water that D 
contained, the water would rise to no greater elevation in D 

than in A. 

• Amott 




To what is the 
pressure of a 
column of liq- 
uid propor- 
tional? 
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What is the '^^^ principle that the pressure exerted by a column of 

principle and Water is as its height, and not as it6 quantity, may li>e also 
Hyd?ostetiJ^® illustrated by the Hydrostatic Bellows, Fig. 109. This con- 
BeUows ? sists of two boards, B C and D E, united together by means 

of cloth, or leather, A, as in a common bellows. A small ver- 
Fia. 109 ^^ P^P®» ^» attached to the side communicates 

with the mterior of the bellows. Heavyweights, 
W W, are placed upon the top of the bellows 
when empty. If water be poured into the verti- 
cal pipe, the top of the bellows, with the weights 
upon it, will be lifted up by the pressure of .the 
water beneath ; and as the height of the column 
of water increases, so in like proportion may the 
weights upon the top of the bellows be mcreased. 
It is a matter of no consequence what may be the 
diameter of the vertical tube, since the power of 
the apparatus depends upon the height of the col- 
umn of water in the small tube, and the area of 
the board, B C ; that is, the weight of a small col- 
umn of water in the vertical pipe, T, will be capable 
of supporting a weight upon the board, B C, greater 
than Vie weight of the water in the pipe, in the same 
proportion as the area of board B C is greater tJtan 
the sectional area of the bore of the pipe. Thus, if 
the area of the bore of the pipe be a quarter of an inch, and the area of the 
board forming the top of the bellows a square foot, then the proportion of the 
pipe to the board will be that of 576 to 1 ; and, consequently, the weigni 
capable of being supported by the board will be 576 times 
the weight of the water contained in the pipe. 

In this manner a strong cask, a. Fig. 1 10, 
filled with liquid, may be burst by a few 
ounces of water poured into a long tube, b c, 
communicating with the interior of the cask. 
This law of pressure is sometimes exhibited 
on a great scale in nature, in the bursting of rocks, or mount- 
ains. Suppose a long vertical fissure, as in Fig. Ill, to com- 
municate with an internal cavity formed in a mountain, with- 
out any outlet Now, when the fissure and cavity become 
filled, an enormous pressure is exerted, sufficient, it may be, 
to crack, or disrupture, the whole mass of the mountain. 

The most striking effects of the pressure of the water at 
great depths are exhibited in the ocean. If a strong, square « 
glass bottle, empty and firmly corked, be sunk in water, its 
sides are generally crushed in by the pressure, before it has 
reached a depth of 60 feet. Divers plunge witli impunity to 
certain depths, but there is a limit beyond which they can not sustain the 

6* 
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FlO. 111. 



immense pressure on the body- 
exerted by the water, li is prob- 
able, also, that there is a limit of 
depth beyond which each spe- 
cies of fish can not live. The 
principle of the equal transmis- 
sion of pressure by liquids, how- 
ever, enables fishes to sustain a 
very great pressure of water 
without bemg cruslied by it; 
the fluids contained within them 
pressing outward with as great a 
force as the Hquid which sur- 
rounds them presses inwards. 
When a ship founders at sea, the great pressure at the bottom forces the 

water into the pores of the wood, and increases its weight to such an extent 

that no part can ever rise again. 

Upon what does 295. The piessure upon the bottom of a vessel 
containing a liquid, is not eflfected by the shape 
of the vessel, but depends solely up()n the area 
of the base, and its depth below the surface. 

This arises torn the law of equal distribution of pressure in liquids. Mg. 

112 represents two different vessels 
having equal bases, and the same per- 




the pressure 
apon the bot- 
tom of a vessel 
containing liq. 
'aid depend? 



FlO. 112. 
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.....„....JD. 



* 



: pendicular depth of water m them- 
I Although the quantity of water con- 
tained in one is much greater than in 
the other, the pressure sustained by 
B these bases will be thesame. 

In a conical vessel, Fig. 113, the 
base, C D, sustains a pressure measured by the height of the column, ABC 
D J for all the rest of the Uquid only presses on A B C D laterally, and resting 
FiQ. 113. Fig. li4. 




on the sides, E C and F D, can not contribute any thing to the pressure on 
the base, C D. But in a conical vessel, of the shape represented m Fig. 114, 
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How can we 
eaJcalate the 
presHure upon 
the bottom of 
a TBBsel con- 
taining water f 



the pressure on A B a portion of the base, E F, is measuTed by the column 
A B C D as before ; but the other portions of the liquid not resting on the 
sides also press upon the bottom, E F ; and as the pressure of the column A 
B C D is transmitted equally, every portion of the base, E F, sustains an 
equal pressure as that portion of the base, A B, which is directly beneath th« 
column, A B G D ; therefore the whole pressure on the base, £ F, is the 
same as if the vessel had been cylmdrical, and filled throughout to the height 
indicated by the dotted lines, G H. 

296. Hence, to find the pressure of water upon the bottom of any vessel, 
we have the following rule : 

297. Multiply the area of the base by the 
perpendicular depth of the water, and this 
product by the weight of a cubic foot of 
water.* 

Thus, suppose the area of the base of a vessel to be 2 square feet, and the 
perpendicular depth of the water to be 3 feet; required the pressure on 
Hie bottom of the vessel, the weight of a cubic foot of water being assumed 
to be 1,000 ounces (see § 82). 

2X3=-6 cubic feet. 

6X1,000«>"6,000 oz.— pressure on the base of the vessel 

* '^ The actual pressure of water may also be calculated from the foUotring data. It i« 
Ascertained that the veigfit of a cubic inch of irater of the common temperature of 63* 
Fahrenheit, ia a portion of a pound expressed by the decimal 0*036066. The pressure, 
therefore, of a column of water one foot high, having a square inch for its base, will h% 
found by multiplying this by 12, and consequently will be 0-4328 lb. 

'^ The pressure produced upon a square foot by a column one foot high, will be fonnd 
by multiplying this last number by 144, the number of square inches forming a squarv 
foot; it wUl therefore be C2-3232 lbs. 

Table shovoijig the pressure in lbs. per sqttare inch and square foot^ produced by water 

at vario't.i devtfut. 



1 ^;^.^ 


PrcBBHra fer 
Square Inch. 


Sij-.i»re Foi.f. 


Dei>!b ill 
Feet. 


fcqnare Ireh. 


! Pre«.nr<»ier 
Square VvoU 




Ib^. 


lbs. 




IbR. 


11 & 


I. 


o-4':2S ■ 


C2n2'3 I 


VI. 


fsres 


87S-9:}92 


IL 


0-8G50 


12t-G4C4 1 


VII. 


3-0'.9<5 


4:;6- 6 '4 


III. 


l-?r.84 


laj'-^GOG 


VIII. 


S-4C24 


4ff8-5S.'56 


IV. 


l-7m2 


249-21.8 1 


IX. 


8-8r52 


660-0088 


V. 


2-1 G-W 


sii.ciao 


X. 


4-3280 


623-2.^20 



" By the aid of the abore tnble, the actual pressure of wnter on each part of the surftee 
of a vessel containing it can always be determined, the depth of such part being given. 
Thus, for example, if It be required to know the pressure upon a square foot of the bot- 
tom of a vessel where the depth of the water is 25 feet, we find, from the above table, that 
the pressure upon a square foot at the depth of 2 feet is 124*64^*4 lbs. ; and, consequently, 
the pressure at the depth of 2v) feet is 1246*464 lbs. ; to this, let the pressure at the depth 
of 5 feet, as given in the table, be added: 1246 -464+311 -616 =1558-080 lbs., which is, there- 
fore, the required pressure. 

" If the liquifl contained in the vessel be not water, but any other whose relative weight 
compared with water is known, the calculation is made first for water, and the result being 
multiplied by the number expressing the proportion of the weight of the givea liquid to 
that of water, the result wiU b« the required pressure.*'— Xardn«r. 




132 WELLS'S NATURAL PHILOSOPHY. 

How^ ii the 298. As liquids transmit pressure equaUy in 

SSS^Jx^ all directions, this pressure will act sideways 
****'^^' as well as downward, and the pressure at any 

point upon the side of a vessel con- 
taining a liquid, will be in propor- 
tion to the perpendicular depth of 
that point below the surface. 

Fig. 115 represents a vessel of watw with 
orifices at the side, at different distances fix>ii> 
the surface. The water will flow oat with a 
force proportionate to the pressure of the water 
at these several points, and this pressure is 
proportionate to the depth below the sor&ceL* 
Thus, at a the water will flow out with the 
least force, because the pressure is least at that 
point. At b and c the force and pressure will be greater, because they are 
situated at a greater depth below the surface. 

Hoir ma the ^^^' '^^ ^^^ *^® pressuTc upou the sidc of a 
preawire upon vcsscl containini? watcr, multiply the area of 

the side of a _ .,, ri/..iiriii i 

▼eweiof water the flidc bv oue halt Its whole depth below the 

bo coLculated 7 • • 

surface, and this product again by the weight 
of a cubic foot of water. 

Pio 116 Suppose A C, Fig. 116, to represent the section of the 

side of a canal, or a vessel filled with water, and let the 
^^ whole deptli, A C, be 10 feet: then at the middle point, 

B, the depth, A B, will be 5 feet Now the pressure at 
C is produced by a column of water whose depth is 10 
feet, but the pressure at B is produced by a column 
whose depth is 5 feet, which is the average between the 
presaore at the surfece and at the bottom, or the average of the entire pressure 
upon the side. Hence the total pressure upon the side of a vessel contaming 
water will be equal to the weight of a column of water whose base is equal to 
the area of that side, and whose height is equal to one half the depth of the 
liquid in the vessel, or, in other words, to the depth of the middle point of tho 
side below the surface. 

Wh h Id As the pressure upon the sides of a reservoir containing wa- 
an embankment ter increases with the depth, the walls of embankments, dams, 
er°S^the"b^ canals, etc., are made broader or thicker at the bottom than 
tom than at the at the top (as in Fig. 114). For the same reason, in order to 
^ render a cistern equally strong throughout, more hoops should 

be placed near the bottom than at the top. 

If a sur&ce equal to the side of a vessel containing liquid were laid upon 
the bottom, then the pressure upon the surface would be double the actual 



^ 




-/ 1 




^T^ 


f^J^S^-^^ 
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^km-:^ 



HYDBOSTATICS. 133 

preasore on the side; for in this instance the soiiaoe sostains the wdgfat €i a 
column equal in height to the whole depth, while the column of preasore i^n 
the side is only equivalent to one half the depth. 

^-^^How does the 300. The actual pressure produced upou 
Si^*qSantitJ ^^^ bottoui aud sidcs of a vessel which con- 
^^^^th^S taii^ a liquid, is always greater than the 
weight? weight of the liquid. 

In a cubical vessel, for example, the preasore open the bottom will be 
equal to the weight of the liquid, and the pressore oa each of the ibor odes 
will be equal to one half the weight; consequently the whole p f e as ure on the 
bottom and sides will be equal to three times the weight of the liquid. 

inwhatcondi- 301. The surfacc of a liquid when at rest is 

tion is the Bar- i -rr -r 

face of a liquid alwajS HORIZONTAL, OF LEVEL. 

The particles of a liquid having perfect freedom of modon 

Bu^ace of a u* among themselves, and all being equally attracted by gravita- 

quid at rest tion, the whole body of liquid will teud to arrange itself in 

such a manner that all the parts of its surface shall be equally 
distant from the earth's center, which is the center of attraction. 
What is th '^ perfectly level surface rtally means one in which ereiy 

true definition part of the surface is equally near the center of the earth ; it 
Jirfa^?*''^'^ must be, therefore, in fact, a spherical surface. But so large 

is the sphere of which such a surface forms a part, that In 
reservoirs and receptacles of water of limited extent, its sphericity can not be 
noticed, and it may be considered as a perfect plane and kvel; but when the 
sur&ce of water is of great extent, as in the case of the ocean, it exhibits this 
rounded form, conforming to the figure of the eart\ most p'.rf.'Ctly.* Tliis 
sphericity of the surface of the ocean is illustrated by the fact, tliat the masts 
of a ship appproacUing us at sea, are visible long befi^re the hull of the 
Fig. 117. vessel can be seeiL In Fig. 

B ___3fe*i ^^^ ^^y ***** P®^ ^^ *^® 

ship above the line A C can 
be seen by the spectator at 
A, because tlie rest of the 
vessel is hid it n by the swell 
of the curve of the surface of the ocean, or rather of the earth, D E. 

In what man- 302. Water, or Other liquids will always rise 
Sid rise *in ^i to au cxact Icvel in any series of different 

scries of tubes , •■ • m-i i • - • 

orresseiscom- tuDes, pipes, OT othcF Tcssels conununicating 




witheacb"other? with Oach OthCF. 



* A hoop sammnding the earth tronld bend from a perfeHly stmight line eight inehet 
in a mile. Conseqaenay, if a s^ment of the surface of the earth, a mile long were 
cut ofl^ and laid on a perfect plane, the center of the setnnent would be only four inches 
higher than the edg^s. A smaO portion of it, therefore, for all ordii ary purposes, may 
be considered as a perfect plane. 
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On wbftt prin- 
ciple MTt ve 
enmbledtoeoo> 
rej vaier ia 
•qaedoctoover 
aii«Tea sur- 
laees? 




This fact is Eufficientl^ Olustialed 
bj referexice to fig. 118. 

303. It is upon 

the applicauon of 

the piineiple that 

water in pipes will 

always h&e to the 
height, or level of its source, that all ^ 
ajTaDgements ibr ooQTejing water 
over uneven sni&ces in aqueducts, or closed pipes depend. The water 
brought from anj reservoir or eouiioe of supply, in or near a town or building, 
may be deUvered by the effect of gravity alone to every location beneath the 
level of the reservoir; the result not being affected by the inequalities of the 
suriace over which the water pipes may pass in their connection between the 
reservoir and the point of delivery. So long as they do not rise above the 
level of the source of supply, so long will the water continue to flow. 

Fig. 119 represents the line of a modem aqueduct: — a a a represents the 
water level of a pond or reservoir upon elevated ground. From this pond a 
line of pipfi is laid, passing over a bridge or viaduct at dj and under a river at 
c The fi^untains at b b, show the stream rising to the level of its source in 
the pond a, at tv/o i>oints of very different elevation. 

Fig. 119. 




The ancients, in constracting aqueducts, do not seem to have ever practi- 
cally applied this principle, that water in pipes rises to the level of its source. 
When, in conducting water from a distant source to supply a city, it became 
necessary to cross a ravine or valley, immense bridges, or arches of masonry 
were built across it, with great labor and ht enormous expense, in order that 
the water-flow might be continued nearly horizontally. At the present day, 
the same object is effected more perfectly by means of a gunple iron pipe, 
bending in conformity with the inequalities of sur^e over which it passes. 

In the construction of pipes for conveying water, it is neces- 
sary that those parts which are much below the level of the 
reservoir, should have a great degree of strength, since they 
sustain the bursting pressure of a column of water whose 
height is equal to the difference of level. A pipe with »• 
diAmeter of 4 inches^ 150 feet below the level of a reservoir, should have suf- 
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Fig. 120. 




What is an Ar- 
tesian Well ? 



304. 



ficient strength to bear with security a bursting pressure of nearij 5 tons for 

each foot of its leugth. 

Upon the principle that water tends to rise to the level of its source, oma- 

montal fountains may be constructed. Let water spout upward through a pipe 
communicating with the bottom of a deep vessel, and 
it will rise nearly to the heigfit of the upjier sur- 
£ice of the water in the vesseL The rt^isiance of 
the air, and the falling drops, prevent it from rising 
to the exact level Let A, Fig. 120, represent a 
cistern filled with water to a constant height, B. 
If four bent pipes be inserted in the side of the 
cistern at different distances below the surCice, the 
water will jet upward from all the orifices to nearly 
tlie same level 

Thef phenomena of Artesiam Wells, and the plan 
of boring for water, depend on the same principle. 

An Artesian Well is a cylindrical 
excavation formed hjr boring into the earth 
with a species of auger, until a sheet or vein of water is 
found, when the water rises through the excavation. Such 
excavations are called Artesian, because this method was 
employed for obtaining water at Artois in France. 

,„^ ^ ,^ The reason that the water rises in Artesian, and sometimes 

Why does the . ,. „ , /. . TV^ 

water rise in m ordmary wells, to tne sunace, is as follows: The surface 

Well?^'^^^ of the globe is formed of different layers, or strata, of different 
materials, such as sand, gravel, clay, stone, etc., placed one 
upon the other. In particular situations, these strata do not rest horizontally 
upon one another, but are incUned, the different strata being like cups, or 
basmd placed one within the other, as in Fig. 12 L Some of these strata are 
composed of materials, as sand or gravel, through which water will soak most 

readily; while other strata, 
like clay and rock, will not 
it^ nllow the water to pass 
through them. It, now, 
we suppose a stratum like 
sand, pervious to water, to 
be included as at a a, Fig 
121, between two other 
strata of clay or rock, the 
water falling upon the un- 
covered margin of the sandy stratum a a, will be absorbed, and penetrate tlirough 
its whote depth. It will be prevented from rising to the surface by the im- 
pervious stratum above it, and from sinking lower, by the equally impervious 
stratum below it It will, therefore, accumulate as in a reservoir. I^ now, we 





136 WELLS'S NATURAL PHILOSOPHY. 

bore down through the upper stratum, aa at 6, until we reach the stratum 
containing the water, the water will rise in the excavation to a certain height, 
proportional to the height or level of the water accumulated in the reser- 
voir a a firom which it flows.* 

whati th ri ^^^* '^^^ ^^ which falls upon the surface of the earth 
ginofspringBf sinks downward through the sandy and porous soil, un- 
til a bed of day or rock, through which the water can not 
penetrate, is reached. Here it accumulates, or running along the sur&ce 
of the impervious stratum, bursts out in some lower situation, or at some point 
where the impervious bed or stratum comes to the surlace in consequence of a 

valley, or some depression. 
^^' ^^^* Such a flow of water consti- 

tutes a spring. Suppose a, 
Fig. 122, to be a gravel hill, 
and b a stratum of day or 
rock, impervious to water. 
The fluid percolating through 
the gravel would reach the 
impervious stratum, aloug which" 1« would run until it found an outlet at c^ at 
the foot of the hill, where a spring would be formed. 

,„^ ^ , 306. If there are no irregularities in the surface, so situated 

Why does water ^ „ . ^ , . ^ .i. -e • • 

coUect in an or- as to allow a spnng to burst forth, or if a spring issues out 
dinary weU? ^^^ g^j^g p^j^^ of the porous earth considerably above the sur- 
face of the clay, or rock, upon which at some depth all such earth rests, the 
water soaking downward will not all be drained off, but will accumulate, and 
rise among the particles of soil, aa it would among shot, or bullets, in a water- 
tight vessel If a hole, or pit, be dug into such earth, reaching below the 
level of the water accumulated in it, it will soon be filled up with water to 
this level, and will constitute a well The reason why some wells are deeper 
than others, is, that the distance of the impervious stratum of clay below the 
surface is different in different localities. 

■ 307. All weUs and springs, therefore, are merely the rwn- 

Bource do all water which has sunk mto the earth, appearing again, and 
JJTringa* d^riye gradually accumulating, or escaping at a lower level 
their water? 308. The property of liquids to assume a horizontal sur- 

What is a ^ce is practically taken advantage of in ascertaining whether 

s^frit'L 1? ^ surface is perfectly horizontal, or level, and is accomplished 
by means of an instrument known as the " Water" or 
" Spirit Level." This consists of a small glass tube, h c. Fig. 123, filled 
with spirit, or water, except a small space occupied with air, and called 

* In the great Artesian wells of Grenelle, near Paris, and of Eissingen, in Bavaria, the 
water rises from depths of 1,800 and 1,900 feet to a considerable height above the snrfaoe 
of the earth. The well of Paris is capable of supplying water at the rate of 14 millions 
of gallons per day. The re^on of country in which this water fell, from the curvature 
of the layers, or strata of material through which the excavation was made, must hava 
been distant two hundred miles or more. 
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Fig 123 *^® air-bubble, a. In whatever position the tube 
maybe placed, the bubble of air will rest at the high- 
er "s. ^ %. est point If the two ends of the tube are level, or 

\ 5/ perfectly horizontal, the air-bubble will remain in 

the center of the tube ; but if the tube inclines ever 
so little, the bubble rises to the higher end. For practical use the glass-tube 
is inclosed in a wood, or brass case, or box. 

Upon what prin- ^^^' ^^® method of conducting a canal through a oountiy, 
cipie are canals the surface of which is not perfectly horizontal, or level, de- 
^taructedand pends upon this same property of hquids. In order that boatg 
may sail with ease in both directions of the canal, it is neces- 
sary that the surface of the water should be level. If one end of a canal 
were higher than the other, the water would run toward the lower extremity, 
overflow the banks, and leave the other end dry. But a canal rarely, 
if ever, passes through a section of country of any great extent, which is 
not inclined, or irregular in its surface. By means, however, of expedients 
called Locks, a canal can be conducted along any declivity. In the forma- 
tion of a canal, its course is divided into a series of levels corresponding 
with the inequalities of the surface of the country through which it passes. 
These levels communicate with each other by locks, by means of which 
boats passing in any direction can be elevated, or lowered with ease, rapidity, 
and safety. 

Fig. 124. Fig. 124 represents a section of 

a lock, and Fig. 125 the construc- 
tion of the Lock Gates. The sec- 
tion of Fig. 125 represents a place 
where there is a sudden fall of the 
ground, along which the canal has 
to pass. A B and C D are two 
gates which completely intercept 
the course of the water, but at the same time admit of being opened and 
closed. A H is the level of the water in that part of the canal lying 
above the gate A B, and E F and F G the levels below the gate A B. The 
part of the canal included between two gates, as E F, is called a lock, because 
when a vessel is let into it, it can be shut by closing both pair of gates. If 
now it is required to let a boat down from the higher level, A H, to the lower 
level, B G, the gates C D are closed tightly, and an opemng made in the 
gates A B (shown in Fig. 125), which allows the water to flow gradually from 
A H mto the lock A E F 0, until it attams a common level, H A 0. The 
gate A B is then opened, and the boat floats into the lock A B D. The 
gates A B are then closed, and an opening made in gates C D, which allows 
the water to flow fix>m the space A E F 0, until it comes to the common 
level, E F G. The gate C D is then opened, and the boat floats out of 
the locks into the continuation of the canaL To enable a boat to pass from 
the lower level, E F G, to the superior level, A H, the prooesB here described 
is reversed. 
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With what 
force is a float- 
ing body press- 
ed upward ? 

How much 
water will a 
solid immersed 
in it displace? 



What is Buoy, 
ancy ? 



310. When a solid is immersed in a liquid 
it will be pressed upward with a force equal 
to the weight of the liquid it displaces. 

311. A solid immersed in water will displace 
as much of the liquid as is equal in volume to 
the part immersed. 

312. Buoyancy is the name applied to the 
force by which a solid immersed in a liquid is 

heaved, or pressed upward. 

The resistance offered when wo attempt to sink a body lighter than water 
in that liquid, proves that the water presses with a force upward as well as 
downward. Upon this fact the laws of floating bodies depend ; and for this 
reason the bottoms of large ships are constructed with a great degree of 
strength. 

313. A body floating upon a liquid is main- 
tained in EQUiLiBRio by the operation of grav- 
ity drawing the mass downward, and by the 
pressure of the particles of the liquid upon 

which it rests, pressing it upward. 

whatisessen- 314. In ordcr that a body may float with sta- 
bUityVafloSl bility, it is necessary that its center of gravity 
ingbody? should bc situatcd as low as possible. 



How^ is a body 
floating upon a 
liquid main- 
tained in equi- 
librio? 
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When is a 
floating body 
in its most sta- 
ble position 7 



When will a 
solid float, and 
when sink f 



Fig. 126. 



What is the For this reason^ all yessols which are light in proportion to 
in vesseS?^'"*' their bulk, require io be ballasted by depositing in the lowest 
portions of the vessel, immediately above the keel, a quantity 
of heavy matter, usually iron or stone. The center of gravity may thus be 
brought so low that no force of the wind striking the vessel sideways can 
capsize It. By raising the center of gravity, as when men in a boat stand 
upright, the equihbrium is rendered unstable. 

A body floating is most stable when it floats upon its great- 
est surface : thus a plank floats with the greatest stability 
when placed flat upon the water; and its position is unstable 
when it is made to float edgewise. 

A sohd can never float tliat is heavier, bulk for bulk, than 
the liquid in which it is immersed. 
If the weight of a solid be exactly equal to the weight of 
an equal bulk of liquid, it wOl sink in it until it is entirely immersed ; but 
when once it is entirely immersed, then, the upward and downward pressure 
being equal, the sohd will neither sink or rise, but will remam suspended 
at any depth at which it may be placed. 

Let A B, Fig. 126, be a cube of wood floating in 
water; then the weight of the water displaced, or 
the weight of a volume of water equal to A B, is 
equal to the whole weight of the wood ; since the 
upward pressure on the bottom of A B is the same 
as that which would support a portion of water 
equal in bulk to the displaced water, or to the cube 
A B ; and as the downward pressure of the body 
is equal to the upward pressure of the liquid, it fol- 
lows that the weight of the cube is equal to the 
weight of the water displaced. Hence A B will 
neither sink or rise. 

A mass of stone, or any other heavy substance 
beneath the surface of water is more easily moved 
than upon the land because, when immersed in the 
water, it is hghter by the weight of its own bulk of 

water than it would be on land. A boy will often wonder why he can Hft a 
stone of a certain weight to the surface of water, but can carry it no farther. 
The least force wiU lift a bucket immersed in water to the surface ; but if it 
be Ufted farther, its weight is felt just in proportion to the part of it which is 
above the sur&ce. 

The weight of the human body does not differ much from the weight of its 
own bulk of water; consequently, when bathers walk in water chin-deep, 
tlieir feet scarcely press upon the bottom, and they have not suflBcient hold 
upon the ground to give them stability; a current, therefore, will easily take 
them off their feet 

The facility with which different persons are able to float or swim, depends 
upon the physical constitution of the body. Corpulent people are lighter, 
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« 
bulk for bulk, than those of sparer habits: and as fat possesses a less specific 
gravity than water, a fat person will swim or float easier than a thin one. 

315. It is not, however, necessary, in order that a body should float upon a 
liquid, that the materials of which it is composed should be ^ecifically lighter 
than the liquid. If the entire mass of a solid is lighter than an equal volume 
of the Uquid, it will float 

A tliick piece of iron, weighing half an ounce, loses in water nearly one 
eighth of its weight ; but if it is hammered into a plate or vessel, of such a 
form that it occupies eight times as much space as before, it will then weigh 
less than an equal bulk of water, and will consequently float, sinking just to 
the brim. If made twice as large, it will displace one ounce of water, conse- 
quently, twice its own weight; it will then sink to the middle, and can be 
loaded with half an ounce weight before sinking entirely. 

How can a 316. A bodj composed of any material^ how- 
than an^ti ^ver hcavy, can be made to float on any liquid, 
b^^i^r*^ however light, by giving it such a shape as 
flo*t? ^iu render its bulk or volume lighter than an 

equal bulk of water. 

Iron ships and boats are illustrations of this principle. A ship carrying a 
thousand tons' weight will displace just as much water, or float to the same 
depth, whether her cargo be feathers, cotton, or iron. A ship made of iron 
floats just as high out of water as a ship of similar form and size made of 
wood, provided that the iron be proportionally thinner than the wood, and 
therefore not heavier on the whole. 

The buoyancy of hollow sohds is frequently used for lifting or supporting 
heavy weights in water. life-preservers, which are inflated bags of India- 
rubber, are an example. Hollow boxes, or tanks, are used for the purpose 
of raismg sunken vessels. These boxes are sunk, filled with water, and 
attached to the side of the vessel to be raised. The water, by a connection 
of pipes, is then pumped out of them, when the upward pressure of the liquid 
becoming greater than the gravity or weight of the entire mass, the whole 
wiU rise and float. 

Towhatisttie 317. The buoyancy of liquids is in propor- 
uquid?p?opor! tion to their density or specific gravity, or, in 
tionai? other words, a solid is buoyant in a liquid, in 

proportion as it is light, and the liquid heavy. 

Thus quicksilver, the heaviest, or most dense fluid known, supports iron 
upon its surfoce; and a man might float upon mercury as easily aa a cork 
floats upon water. Many varieties of wood which will smk hi oil, float 
readily upon water. 

318. The principle that the buoyancy of hquids varies in proportion as their 
specific gravity varies, furnishes a very ready method of determining the spe- 
cific gravity of a liquid. This is done by means of an inatiument called the 
hydrometer. 
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What is a H7. 
drometeri* 



How- may the 
specific grav- 
ity of a liquid 
be determined 
by the Hy- 
drometer ? 




319. The Hydrometer con- . Fi». 127. 
sists of a hollow glass tube, 
on the lower part of which a spherical 
bulb is blown, the latter being filled with 
a suitable quantity of small shot, or 
quicksilver, in order to cause it to float, 
in a vertical position. The upper part 
of the tube contains a scale graduated 
into suitable divisions. (See Fig. 127.) 

It is obvious that the hydrometer 

will sink to a greater or less depth in 

different liquids ; deeper in the hghter 

ones, or those of small specific gravity, 

and not so deep in those which are 
denser, or which have great specific gravity. The ~^ 

specific gravity of a liquid may, therefore, be estimated by the number of di- 
visions on the scale which remain above the surface of the liquid. Tables 
are constructed, so that, by their aid, when the number on the scale at which 
the hydrometer floats in a given liquid is determined by experiment, the spe- 
cific gravity is expressed by figures in a column directly opposite that number 
in the table. 

There are various forms of the hydrometer especially adapted for determin- 
ing the density, or specific gravity, of spirits, oils, syrups, lye, etc. It affords 
a ready method of determiniug the purity of a liquid, as, for instance, alco- 
hoL The addition of water to alcohol adds to its density, and therefore in- 
creases its buoyancy. The addition of water, therefore, will at once be shown 
by the less depth to which the hydrometer will sink in the liquid. The 
adulteration of sperm oil with whale, or other cheaper oils, may be shown in 
the same manner. 

320. For the reason that the buoyancy of a liquid is proportioned to its 
density, a ship will draw less water, or sail lighter by one thirty-fifth in the 
heavy salt water of the ocean, than in the fi-esh water of a river ; for the 
same reason it is easier to swim in salt than in firesh water.* 



• " A floating bod 7 sirkB to the same depth -whether the mass of liquid supporting it 
be great or small, as is seen when an earthen cup is placed first in a pond, and then in a 
second cup only so much larger than itself, that a very small quantity of water will suffice 
to fill up the interval between them. An ounce of water in this way may be made to float 
substances of much greater weight. And if a large ship were received into a dock, or 
case, so exactly filling it that tliere were only half an inch of interval between it and the 
•wall, or side of the containing space, it would float as completely when the few hogsheads 
of water reqnired to fill tliis little interval up to its usual water-mark were poured in, as 
if it were on the high seas. In some canal locks, the boats just fit the place in which they 
have to rise and fall, and thus dimioish the quantity of water necessary to supply the 

lock." — ^^7710^ 
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SECTION I 



Explain the 
phenomena ob- 
served when 
the hand is 
plunged into 
different liq- 
nids. 



What is Ca- 
pillary Attrac- 
tion? 



CAPILLARY ATTRACTION. 

321. If we plunge the hand into a vessel of water, and 
withdraw it, it is said to be wet ; that ia, it is covered with a 
thin fihn, or coating of water, which adheres to it, in opposi- 
tion to the tendency of the attraction of gravitation to make 
it fall o21 There is, therefore, an attraction between the par- 
ticles of the water and the hand, which, to a certain extent, 

13 stronger than die influence of gravitation. 

If now we plunge the hand into a vessel of quicksilver, no adhesion of the 
particles of the mercury to the hand will take place, and the hand, when 
withdrawn, will be perfectly dry. 

If we plunge a plate of gold, however, into water and quicksilver, it will 
be wet equally by both, and will come out of the quicksilver covered with a 
white coating of that liquid. 

It is, therefore, obvious that a certain molecular attraction exists between 
certain Uquids and certain solids, which does not prevail to the same extent 
between others. 

322. That variety of molecular force which 
manifests itself between the surfaces of solids 
and liquids is called Capillaby Attraction. 

.^^ This name originates from the circumstance, that this class 

origin of the of phenomena was first observed in small glass tubes, the 

*®'"™ ^ bore of which was not thicker than a hair, and which were 

hence called Capillary Titbes, from the Latin word capiUus, which signifies a hair. 

„ ^ 323. If we take a series of glass tubes of very fine bore, 

xlow may Ca- , j. p 

piiiary Attrac- but of different diameters, and place them in a vessel of water, 

trated ? ^^^^ which has been colored in order to show the effect more strik- 
ingly, we shall see that the water will rise in the tubes to 
various heights, attaining the greatest degree of elevation in the smaQest tube. 
Fig. 128. The height at which the same liquid will rise in 

»any given tube is always uniform, but it varies for 
_ ^ different liquids. 

Fig. 128 is an enlarged representation of the 
manner in which water will rise in tubes of differ- 
ent diameters. 
!| The simplest method of exhibiting capillary at- 

U traction is to immerse the end of a piece of ther- 

H S] mometer tube in water (see Fig. 129) which has 

PI hH been tinted with ink. The liquid will be seen to 
,f i IMH ascend, and will remain elevated in the tube at a 
considerable height above the surface of the Uquid 
in the vessel. 
The ordinary definition of capillary attraction is, that form of attraction which 
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What will be 
the condition 
of the surface 
of a liquid 
-which wets the 
sides of the ves- 
sel coataining 
it? 

When the liq- 
uid does not 
wet the sides 
of the ressel, 
what will he 
the condition 
of its surface ? 

Fig. 130. 




catises liquids to ascend above their level in capillary tubes. Fig. 129. 
It, however, is not strictly correct, as this force not only acts 
in elevating but in depressing liquids in tubes, and is at 
work wherever liquids are in connection with solid bodies. 

324. If a liquid be poured into a vessel, as 
water in glass, whose sides are of such a nature 
as to be wetted by it, the liquid will be elevated 
above the general level of its surface at the 
points where it touches the sides of the ves- 
sel This is shown in Fig. 130. 

I^ however, the Uquid is poured into a 
vessel whose sides are of such a nature that 
they are not wetted by it, as in the case of 
quicksilver in a glass vessel, then the liquid 
will be depressed below the general level of its surface at tho 
points where it comes in con- -^iq, 131. 

tact with the sides of the ves- 
sel This is shown in Fig. 131. 
325. If two plates of glass, 
A and B, Fig. 132, be plunged 
into water at their lower ex- 
tremities, with their feces ver- 
tical and parallel, and at a cer- 
tain distance asunder, the water will rise at the points m and n, where it is in 

contact with the glass; but at 
Fig. 132. all intermediate points, beyond 

a small distance from the plates, 
the general level of the surfaces 
E, C, and D, will correspond. 

If the two plates, A and B, 

are brought near to each other, 

as in Fig. 133, the two curves, 

~~ m and w, will unite, so as to form 

a concave surface, and the water 

at the same time between them will be raised above the general level, E and 






D, of the water in the vessel. If the plates 
be brought still nearer together, as in Fig. 134, 
the water between them will rise still higher, 
the force which sustains the column being in- 
creased as the distance between the plates is 
diminished 

326. The height to 
which water will rise in 



Fig. 133. 



To what is the 
elevation of 
water in capil- 
lary tubes pro- 
portioned ? 




capillary tubes is in proportion to the small- 



ness of their diameters. 
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Pro. 134. 




Thus in two tabes, one of which is doable 
the diameter of the other, the fluid will rise 
to twice the height in the small tube that 
it will m the larger. The truth of Has 
principle can be made evident by the fol- 
lowing beautiful and simple experiment 
Two square pieces of plate-glass, C and B, 
Fig. 135, are arranged so that their sur- 
faces form a minute angle at A. This po- 
sition may be easily givei^ them by fasten- 



Fio. 135. 




Fio. 137. 



ing with wax or cement. When the ends of 
the plates are placed in the water, as shown in 
the figure, the water rises in the space between 
them, forming the curve, which • is called an 
hyperbola. The elevation of the water between 
the two surfaces will be the greatest at the 
points where the distance between the plates is 
the least 

327. The figure of the surface which bounds 
a liquid in a capillary tube will depend upon 
the extent of the attraction which exists between 
tlie particles of the liquid and the surface of ~ 

the tube* Thus, a column of water contained in a glass capillary tube will 
have a concave form of surface, as in Fig. 136, since the „ ^^ 
attraction of glass for water exceeds the attraction of the 
particles of water for each other ; a surfece of mercury, on 
the contrary, in a similar tube, will be convex, see Fig. 
137, since the attraction of glass for mercury is less than 
the mutual attraction of the particles of mercuiy. 

328. In a capillary tube a 

When will a ,. . _' .,, ^ t 

liquid be eie- liquid Will ascend above its 

vated and when t i i i • i 

depressed in a general level, when it wets the 

tube ; and is depressed below its level when 
it does not wet it. 

How^ ma a ^^^' ^^^^ Surface of a body repels a liquid, such a body, 
needle be made though heavier, bulk for bulk, than the liquid, may, under 
some circumstances, float upon it ; and so present an apparent 
exception to the general hydrostatic law by which solids 
which are heavier than liquids, bulk for bulk, will sink in them. An exam- 
ple of this jnaj be shown by slightly greasing a fine sewing-needle, and then 
placing it carefully m the direction of its length upon the surface of water. 
The needle, although heavier, bulk for bulk, than water, will float. 

The power of certain insects to walk upon the surface of water without 

sinking, has been explained upon the same principle. The feet of these in- 

•^ the greased needle, have a capillary repulsion for the water, and 



I 



to float upon 
water? 
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What is a 
"Rope Pump r 



Fig. 138. 

r 



it 



when they apply them to the surface of water, mstead of sinking in it, they 
produce depressions upon it. 

For a like reason, water will not flow through a fine sieve, the wires of 
which have been greased. 
,^ ^^ 330. A liquid will not wet a solid when the 

When will a « r» n 

liquid fau to force of adhesion developed between the par- 

w&t a solid ? , _ ■*• * 

tides of the liquid and the surface of the solid, 
is less than half the cohesive force which exists between 
the particles ©f the liquid. 

331. The &ct of the strong adhesion 

which exists between water and the 

fibers of a rope, has been taken ad- 
vantage of m the construction of a kind of pump, called 
the " Eope," or *' Vera's" Pump, Fig. 138. It con- 
sists of a cord passing over two wheels, a and 6, the 
lower one of which is immersed in water. A rapid 
motion is given to the wheels by means of the crank 
dj and the water, by adhering, follows the rope in its 
movements, and is discharged into a receptacle above. 

,__ ^ , Illustrations of capillar}'- attraction 

What are fa- ^ .,. . , "^ . - 

miliar iiiustra- are most famihar m the experience of 

U^'atoaSl"? overy-daylife. The wick of a lamp, 
or candle, lifts the oil, or melted grease 
which supplies the flame, from a surface often two or 
three inches below the point of combustion. In a 
cotton-wick, which is the material best adapted for this purpose, the mi- 
nute, separate fibers of the cotton themselves are capillary tubes, and the in- 
terstices between the filaments composing the wick are also capillary tubes ; 
in these the oil ascends. The oil, however, can not be liftied freely beyond a 
certain height by capillary attraction : hence, when the surface of the oil is 
low in the lamp, the flame becomes feeble, or expires. 

If the end of a towel, or a mass of cotton thread, be immersed m a basin of 
water, and the remainder allowed to hang over the edge of the basin, the 
water will rise through the pores and interstices of the cloth, and gradually 
wet the whole towel. In this way the basin may be entirely emptied. 

If sand, a lump of sugar, or a sponge, have moisture beneath and slightly 
in contact with it, it will ascend through the pores by the agency of capillary 
attraction in opposition to gravity, and the entire mass will become wet. 

The lower story of a house is sometimes damp, because the moisture of the 
ground ascends through the pores of the materials constituting the walls of 
the building. "Wood imbibes moisture by the capillary attraction of its pores, 
and expands or swells in consequence. This fact has been taken advantage 
offer splitting stones; wedges of dry wood are driven into grooves cut in the 
stone, and on being moistened, swell with such irresistible force as to split 
the block in a direction regulated by the groove. 
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An immense weight suspended by a dry rope, may be raised a little way, 
by merely wetting the rope ; the moisture imbibed by capillary attraction mto 
the substance of the rope causes it to swell laterally and become shorter. 

Capillary attraction is also instrumental in supplying trees and plants with 
moisture through the agency of the roots and underground fibers. 

What are the 332. The temjs Exosmose and Endosmose 
£o8^^and ^re applied to those currents in contrary direc- 
Endosmose? ^j^jjg ^yhich are established between two liquids 
of a different nature, when they are separated from each 
other by a partition composed of a membrane, or any porous - 
fiubstance. 

The name Bndcmnose, derived from a 
FiO. 139. Greek word, signifies going in, and is ap- 

pHed to the stroager current; while the 
name Exosmose, signifying going out, is 
apphed to the weaker current. 

The phenomena of Endosmose and Eo^ 
osmose, which are undoubtedly dependent 
on capillary attraction, may be illustrated 
by the following shnple- experiment : — ^If 
we take a small bladder, or any other mem- 
branous substance, ajid having fastened it 
on a tube open at both ends, as is repre- 
sented in Fig. 139, fill the bladder with 
alcohol, and immerse it, connected with 
the tube, ui a baain of water, to such an 
extent that the top of the bladder filled 
with alcohol corresponds with the level 
of the water in the vessel, in a short 
time it will be observed, that the liquid 
is rising in the tube connected with 
the bladder, and will ultimately reach the 
top and flow over. This rising of the al- 
cohol in the tube is evidently due to the 
circumstance that the water permeates 
through the bladder, with a certain de- 
gree of force, producing the phenomena 
which we call endosmose, ^^ going in i"*^ the effect being to elevate the alcohol to 
a considerable height in the tube. At the same time, a certain quantity of 
the alcohol has passed out through the pores of the bladder, and mixed with the 
water in the external vessel. This outward passage of the alcohol we call 
exosmose, " going out." A less quantity of the alcohol will pass out of the 
bladder in a given time to mingle with the water, than of the water will pass 
in, and consequently the bladder containing the alcohol having more liquid 
)n it than at first, becomes strained, and presses the liquid up in the tube. 




CAPILLARY ATTRACTION. 147 

If we have a box divided by a partition of porous clay, or any other sub- 
stance of like nature, and place a quantity of syrup on one side, and water on 
the other, or any other two Uquids of dififerent densities which freely mix with 
one another, currents will be established between the two in opposite direc- 
tions through the porous partition, until both are thoroughly mingled with 
each other. 

333. If a liquid is placed in contact with a surface of 
the body, divested of its epidermis, or outer skin, or in 
contact with a mucous membrane, the liquid will be ab- 
sorbed into the vessels of the body through the force of 
endosmose. 

PRACTICAL QUESTIONS AND PROBLEMS IN HYDROSTATICS. 

1. Why are stones, gravel, and sand so easily moved by waves and currents ? 
Because the moving water has only to overcome about half the weight of 

the stone. 

2. Why can a stone which, on land, requires the strength of two men to lift it, he 
lifted and carried in water by one man ? 

Because the water holds up the stone with a force equal to the weight of 
the volume of water it displaces. 

3. Why does cream rise upon milk f 

Because it is composed of particles of oily, or fatty matter, which are hghter 
than the watery panicles of the milk. 

4. How are fishes able to ascend and descend quickly in water ? 

They are capable of changing their bulk by the voluntary distension, or 
contraction of a membraneous bag, or air bladder, included in their organiza- 
tion J when this bladder Ls distended, the flsh increases in size, and being of 
less specific gravity, i. e., lighter, it nses with facility ; when the bladder is 
contracted, the size of the fish diminishes, and its tendency to sink is increased. 

5. Why does the body of a drowned person generally rise and float upon the surface 
several days after death f 

Because, from the accumulation of gas within the body (caused by incipient 
putrefaction), the body becomes specifically lighter than water, and rises and 
floats upon the surface. 

6 How are life-boats prevented from sinking ? 

They contain in their sides air-tight cells, or boxes, filled with air, which by 
their buoyancy prevent the boat from sinking, even when it is filled with water. 

7 Why does blottfng-paper absorb ink? 

The ink Is drawn up between the minute fibers of the paper by capillary 
attraction. 

8. Why will not writing, or sized paper, absorb ink ? 

Because the sizing, being a species of glue into which writing papers are 
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dipped, fills up the little interstices, or spaces, between the fibers, and in this 
way prevents all capillary attraction. 

9. Why is vegetation on the margin of a stream of water more luxuriant than in an 
open field ? 

Because the porous earth on the bank draws up water to the roots of the 
plants by capillary attraction. 

10. Why do persons who water plants in pots frequently pour the water into the sau- 
cer in which the pot rests, and not over the plants ? 

Because the water in the saucer is drawn up by capillary attraction through 
the little mterstioes of the mold with which the pot is filled, and is thus pre- 
sented to the roots of the plant 

IL Why does dry wood, immersed in water, swell ? 

Because the water enters the pores of wood by capillary attraction, and 
forces the particles further apart fi-om each other. 

12. Why will water, ink, or oil, coming in contact with the edge of a book, soak fur- 
ther in than if spilled upon the sides P 

Becausfe the space between the leaves acts in the same manner as a small 
capillary tube would — attracts the fluid, and causes it to penetrate far inward. 
The fluid penetrates with more difiBculty upon the side of the lea^ because 
the pores in the paper are irregular, and not continuous fix)m leaf to leaf 

13. In a hydrostatic press, the area of the base of the piston in the force-pump is one 
square inch, and the area of the base of the piston in the large cylinder is fourteen square 
inches ; what will be the force exerted, supposing a power of eight hundred pounds ap- 
plied to the piston of the force-pump? 

14. A flood-gate is five feet in breadth, and sixteen feet in depth: what wHl be the 
pressure of water upon it in pounds ? 

15. What pressure will a vessel, having a superficial area of tbree feet, sustain when 
lowered into the sea to the depth of five hundred feet ? 

16. What pressure is exerted upon the body of a diver at the depth of sixty feet, sup- 
posing the superficial area of his body to be two and a half square yards ? 

17. What will be the pressure upon a dam, the area of the side of which is one hnn. 
dred and fifty superficial feet, and the height of the side fifteen feet, the water rising even 
with the top ? 



CHAPTER IX, 

HYDRAULICS. 



What is the 



334. Hydraulics is that department of 
sdence of Hy- phvsical sciciice which treats of the laws and 

draulics? ^ ^ *' /»t.i. ,• y^ 

phenomena of nquids in motion.*^ 

Hydraulics considers the flow of liquids in pipes, through orifices in the 
sides of reservoirs, in rivers, canals, etc., and the construction and operation 
pf all machines and engines which are concerned in the motion of liquids. 
* ^rom vSup (hu4or), tooter, and av\6s (aulos), a pipe. 
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Upon ^hat does 335. When an opening is made in a reser- 
Siwln^'iiquid ^^^r containing a liquid, it will jet out with a 
depend ? velocity proportioned to the depth of the aper- 

ture below the surface. 

Fig. 140. Supposing the surfece of water in a vessel, D, Fig. 

140, to be kept at a constant height by the water 
flowing into it, and that the water flows out through 
openings in the side of precisely the same size ; then 
a quart measure would be filled from the jet issuing from 
B as soon as a pint measure from the upper opening, A. 
As the flow of liquids is in consequence of the at- 
traction of gravity, and as the pressure of a liquid is 
\ equal in all directions, we have the following princi- 
^ pie established : — 

What is the ve- ^^^' '^^^ velocity whlch the particles of a 
Sd*flowin*from ^^^^^ acquirc when issuing from an orifice, 
* 2^^*^ whether sideways, upward, or downward, is 
equal to that which they would have acquired 
in falling perpendicularly through a space equal to the 
depth of the aperture below the surface of the liquid. 

Thus, if an aperture be made in the bottom, or side, of a vessel containing 
water, 16 feet below the surface, the velocity with which the water will jet 
out will be 32 feet per second, for this is the velocity which a body acquires 
in falling through a space of 16 feet 

As the velocity acquired by a falling body is as the square root of the space 
through which it falls, the velocity with which water will issue from an aper- 
ture may be calculated by the following rule : — 
How may the ^37. The vclocity with which water spouts 
uquid%owing ^^^ ^^^^ ^^7 ap^rturc in a vessel is as the 
v<S?b^ Si square root of the depth of the aperture below 
^^^^ the surface of the water. 

The water must, therefore, flow with ten times greater velocity from an 
opening 100 inches below the level of the liquid, than from a depth of only 
one inch below the same level. 

What is the ^^^* "^^^ theoretical law for determining the qtuintity of 
theoretical law water discharged from an orifice is as follows: — 

ing the qiian". Tho quantity of water discharged from an ori- 
discharged* fico in cach sccoud may be calculated by multi- 
tM™?*° ^^^' plying the velocity by the area of the aperture. 

The above rules for calculating the velocity and quantity of water flowing 
from orifices, are not found strictly to hold good in practice. The friction 
of water against the sides of vessels, pipes, and apertures, and the formation 
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of what is called the "contracted vein," tend very much to diminish tjie mo- 
tion aad discharge of water. y . . . 

wh t i th When water flows through a circular aperture * 

" contracted in a vessel, the diameter of the issuing stream 
rent' of water? ^ contracted, and attains its smallest dimensions 
at a distance from the orifice equal to the diam- 
eter of the orifice itself. The section of the jet at this point, Fig. 
141, s s% will be about two thirds of the magnitude of the orifice. 
This point of greatest contraction is called the vena contractor or wiiiracied vein. 
What is the ^^^ phenomenon arises fi:x)m the circumstance that a liquid 
cause of this contained in a vessel rushes from all sides toward an orifice, 
phenomenon ? go as to form a System of converging currents. These issuing 
out in oblique directions, cause the shape of the stream to change from the 
cylindrical form, and contract it in the manner described. 
Iioir may the ^^ *^® attachment of suitable tubes to the aperture, the 
effect of the effect of the contracted vein may be avoided, and the quan- 
ve?n^be avoid- ^^^J ^^ flowing water be very greatly increased. A short pipe 
e^i? will discharge one half more water in the same time, than 

a simple orifice of the same dimensions. The tube, however, must be 
Fig. 142. entirely without the vessel, 

I J . as at B, Fig. 142, for if co/ • 

I ^ I jl I j tinned inside, as at A, the 

[i vj I I (^ V^y Q^^^*^*yo^J^q^i<i<iischarged 

~i If" J K ;( ^^^ ^® diminished instead 

' ^ of augmented. 
The rapidity of the discharge of the water will also depend much on the 
figure of the tube, and that of the bottom of the vessel, since more water 
will flow through a conical, or bell-shaped tube, as at C, Fig. 142, than 
through a cylindrical tube. A still further advantage may be gained by hav- 
ing the bottom of the vessel rounded, as at D, and the tube bell-shaped. 

An inch tube of 200 feet in length, placed horizontally, will discharge only 
one fourth as much water as a tube of the same dimensions an inch in 
length ; hence, in all cases where it is proposed to convey water to a distance 
in pipes, there will be a great disappointment in respect to the quantity actu- 
ally delivered, unless the engineer takes into account the friction, and the 
turnings of the pipes, and makes large allowances for these circumstances. 
If the quantity to be. actually delivered ought to fill a two mch pipe, one of 
three inches will not be too great an allowance, if the water is to be conveyed 
to any considerable distance. 

In practice, it will be found that a pipe of two inches in diameter, one hun- 
dred feet long, will discharge about five times as much water as one of one 
inch in diameter of the same length, and under the same pressure. This dif- 
ference is accounted for, by supposing tliat both tubes retard the motion of 
the fluid, by friction, at equal distances from their inner surfaces, and conse- 
quently, the effect of this cause is much greater in proportion, in the small 
tube, than in the large one. 
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What "Will be 
the difference 
in the flow of 
a liquid when 
the vessel is 
kept full and 
when it is al- 
lowed to emp- 
ty itseli'? 

What ifl the 
principle and 
construction 
of the water- 
dock? 



FlO. 143. 

A 



As the velocity with which a stream issues depends upon the height of the 
column of fluid, it follows that when a liquid flows from a reservoir which la 
not replenished, but the level of wliich constantly descends, its velocity will 
be uniformly retarded. The following principle has been established: — 

339. If a vessel be filled with a liquid and 
allowed to discharge itself, the quantity issu- 
ing from an orifice in a given time, will bo 
just one half what would be discharjred from 
the same orifice in the same time, if the vessel 
was kept constantly full. 

340. Before the invention of clocks and 
watches, the flow of water through small ori- 
fices was applied by the ancients for the meas- 
urement of time, and an arrangement for this 

purpose was called a Clepsydra^ or water-clock. One form of 
tliis instrument consisted of a cylindrical vessel filled with 
water, and furnished with an oritice which would discharge the 
whole in twelve hours. If the whole depth through which the 
water hi the vessel would sink in this time be divided into 
144 parts, it will sink through 23 in the first hour, 21 in the 
second, 19 in the third, and so on, according to a scries of odd 
numbers : this diminishing rate depending on the constantly 
decreasing height and pressure of the column above the point 
of discharge. The spaces indicated upon a scale attached to 
the side of the vessel, and compared with the position of the 
descending column, marks the time. Fig. 143 represents the 
form of the water clock. 

341. The force of currents, whe- ^ 
ther in pipes, canals, or rivers, is 
more or less resisted, and their velocity re- 
tarded, by the friction which takes place be- 
tween those surfaces of the liquid and the solid which are 
in contact. 

This explains a fact which may be observed in all rivers : 
that the velocity of a stream is always greater at the center 
than near the bank, and the velocity at the surface is greater 
than the velocity at the bottom. 

342. If a given quantity of liquid must pass 
through pipes or channels of unequal section 
in the same time, its velocity will increase as 
the transverse section diminishes, and dimin- 
ish as the area of the section increases. 



How is the ve- 
locity of water 
in pipes and 
rivers retard- 
ed? 



At what part 
of a stream is 
the velocity 
greatest? 

In a channel of 
unequal sec- 
tion, how will 
the velocity of 
a current be 
affected? 
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This fact is familiar to eyeiy one who obseires the course of brooks or 
rivers: whereyer the bed contracts, the current becomes rapid, and on the 
contrary if it widens, the stream becomes more sluggish. 

343. A very slight declivity is sufficient to give motion to 
tioiT^is" mSI ""ui^iiing water. Three inches to a mile in a smooth, straight 
cieot to give channel, gives a velocity of about three miles per hour. 
Sg'JSl??^" The river Ganges, at a distance of 1,800 nules fron its 
mouth, is only 800 feet above the level of the sea. Tho 
average rate (^inclination of liie sur&oe of the Misassippi is 1.80 for the fiist 
hundred miles from the Gulf of Mexico, 2 inches for the second hundred, 2.30 
for the third, and only 2.57 for the fourth. 

What Is tho '^^^ Telocity of rivers is extremely variable ; the dower dass 
Aven^ veioci- moving from two to three miles per hour, or three or four feet 
ty of rivers ? p^j. ggcond, and the moro rapid as much as six feet per second. 
The mean Telocity of the Mississippi, near its mouth, is 2.26 miles per hour, 
or 2.95 feet per second.* 

The quantity of water which passes OTcr the beds of rivers in a giTcn time 
is Tery Tarioua In the smaller class of streams it amounts to from 300 to 
350 cubic feet per seccnd. In the smaller class of naTigable rivers, it amounts 
to from 1,000 to 1,200 cubic feet; and ui the larger class to 14,000 cubic feet 
and upward. It is estimated that the Mississippi discharges 12 billions of 
cubic feet of water per minute.f 

* In the oonstmctSon of water-ehaimels for drainage, the regnlation of inclination neces- 
sary to produce free flovage of the -rater, is a matter of great importaDce. This inclination 
varies greatly with the size of the stream of vater to be conducted ofL Large and deep 
rivers run sufficiently swift with a fell of a few inches per mile : smaller rivers and brooks 
require a fall of two feet per mile, or 1 foot in 2,500. Small brooks hardly keep an open 
course under 4 feet per mile, or 1 in 1,200; while ditches and covered drains require at 
least 8 feet per mOe, or 1 in 600. Furrows of ridges, and drains partially filled with loose 
materials, require a much greater inclination. 

t A question of some interest relative to the course and flow of rivers, may, perhaps, 
be sppropriately considered in this connection. The question is as follows: Do tho 
Hlssissippi, and other rivers whose courses are northerly and southerly, flow up hill or 
down hill ? The MissiHsippi runs from north to south. If its source were at the pole and 
its month at the equator, the elevation of the mouth would be thirteen miles higher than 
its source, as this is the difference between the equatorial and the polar radii of the 
earth. On this principle, the mouth of the Mississippi is two and a half miles more ele* 
vated than its source. Does it run up hill, and if so, how has its course and motion 
originated? The problem, although apparently one of difficulty, admits of an easy 
solution. 

The centiifagal force, caused by the rotation of the earth, has changed the form of our 
planet Arom that of a perfect sphere to that of an ellipsoid, or a sphere flattened at the 
poles, in which the length of the largest radius, exceeds the shorter by thirteen miles, the 
present form being the figure of equilibrium under the present conditions. The cohesion 
of the solid particles of the earth has resisted, and does resist, to a limited extent, 
the influence of the centrifugal force which has changed the original figure : but the par- 
ticles of liquid on the earth's surface, being perfectly free to move, yield to the influence, 
and are at rest only so long as the condition of equilibrium is undisturbed, and always 
move in such a way as to restore it when it is disturbed. Water, consequently, always 
flows from places which are above the figure of equilibrium, to those which are below it. 
Mow the mouth of the Mississippi is two and a half miles more distant from the center of 
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Howarewavea 344. When oiie porlioQ of a liquid is dis- 
SSrfaces fSrS? turbcd, the disturbance (in consequence of the 
®^^ freedom with which the particles of a liquid 

move upon each other) is communicated to all the other 
portions, and a wave is formed. This wave propagates 
itself into the unmoved spaces adjoining, continually en- 
larging as it goes, and forming a series of undulations. 
What is the ^ • Ordinary sea waves are caused by the 
origin of Bca wiud pfcssing uuequally upon the surface of 
the water, depressing one part more than an- 
other : every depression causes a corresponding elevation. 

Where the water is of suflBcient depth, waves have only a 
Sance^^of^Sa vertical motion, i. c, up and down. Any floating body, as a 
wave actually buoy, floating on a wave, is merely elevated and depressed 
it^sSit^nary?* alternately; it does not otherwise change its place. The 
apparent advance of waves in deep water is an ocular decep- 
tion : the same as when a corkscrew is turned round, the thread, or spiral, 
appears to move forward. 

346. A wave is a form, not a thing; the form advances, but 
alvrays break not the substance of the wave. Wiien, however, a rock rises 
against the ^o the surface, or the shore by its shallowness prevents or re- 
tards the oscillations of the water, the waves forming in deep 
water are not balanced by the shorter undulations in shoal water, and they 
consequently move forward and form breakers. Thus it is that waves always 
break against the shore, no matter in what direction the wind blows. 

When the shore runs out very shallow for a great extent, the breakers are 
distinguished by the name of surf. 

On the Atlantic, during a storm, the waves have been observed to rise to 
a height of about forty-three feet above the hollow occupied by a ship ; the 
total distance between the crests of two large waves being 559 feet, which 
distance was passed by the wave in about seventeen seconds of time. 

the earth (i*. e., the center of figure) than the source is. But if it had not been for the 
restraining influence of the cohesive force prevailing atnong the solid particles, it would 
have been, through the action of the centrifugal force, three miles higher, instead of two 
and a half. It is therefore below the surface of equilibrium, and the water flows south 
to fill up the proper level. 

The question as to whether the river flows up, or down, depends on the meaning we 
attach to the words used. If by down we mean toward the earth's center of figure, of 
toward that part of the earth's surface where the attraction of gravity is the greatest, as 
at the poles, then the Mississippi runs up hill. If, on the contrary, down means below 
the surface of equilibrium, and tip means above the surface of equilibrium, then the Mis- 
sissipi flows downward. If the earth were a perfect sphere, and without rotation, the 
river would flow northward. A more complete explanation of this subject will be found 
in a paper read before the American Academy by Prof. Levering in 18"6, and in the 
"Annual of Scientific Discovery" for 185T, pp. 179—182. 

1* 
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How dees the 347. The resistance which a liquid opposes 
HquWto'^^ud *o a solid body moving through it, varies with 

ino^^^gUirongh ^Jj^ f^^^^ ^f ^hc body. 

The resistance which a plane sur&ce meets with while it 
moves in a liquid, in a direction perpendicular to its plane, ia in general, pn> 
portioned to the square of its velocity. 

What advan- ^^ ^^® surfece of a solid moved against a liquid be presented 
tagehasauob- obliquely with respect to the direction of its motion, instead 
ii?"^no^^i^*^^ °^ perpendicularly, the resistance will be modified and dimin- 
agaiust a liq- ished ; the quantity of liquid displaced will be less, and the 
surface, acting as a wedge, or inclined plane, will possess a 
mechanical advantage, since in displacing the liquid it pushes it aside, instead 
of drivmg it forward. 

The determination of the particular form which should be given to a mass 
of matter in order that it may move through a liquid with the least resistance, 
is a problem of great complexity and celebrity in the history of mathematics, 
inasmuch as it is connected with nearly all improvements in navigation and 
naval architecture. The principles involved in this problem require that the 
length of a vessel should coincide with the direction of the motion imparted 
to it ; and they also determine the shape of the prow and of the surfaces be- 
neath the water. Boats which navigate still waters, and are not intended to 
carry a great amount of freight, are so constructed that the part of the bot- 
tom immersed moves against the liquid at a very oblique angle. 

Vessels built for speed should have the greatest possible length, with merely 
the breadth necessary to stow the requisite cargo. • 

The form and structure of the bodies of fishes in general, are such as to en- 
able them to move through the water with the least resistance. 

,„^ ,^ 348. In the paddles of steamboats, that one is only com- 

When are the ^ „. , , , . , . - , • 

paddles of a pletely effectual in propellmg the vessel which is vertical m 

effective**™**** *^® water, because upon that one alone does the resistance 

of the water act at right angles, or to the best advantage. 

In the propulsion of steamboats, it is found that paddle-wheels of a given 

diameter act with the greatest effect when their immersion does not exceed 

the width, or depth, of the lowest paddle-board ; their effect also increases 

with the diameter of the wheel. 

_ ,^ ^^, The amount of power lost by the use of the paddle wheel 

Is the paddle- « „. , . . . . j j. 

wheel an ad- as a means of propelhng vessels is very great, since, in addi- 

me"thS°o/a - ^^^^ *^ *^® ^^^* ^^^* ^^^^ *^® paddle which is vertical in the 
plying power water is fully effective, the series of paddles in descending 
vesseisT*^^^ ^^*^ *^® water, are obliged to exert a downward pressure, 
which is not available for propulsion, and in ascending, to hft 
a considerable weight of water that opposes the ascent, and adheres to the 
paddles. The rollinj? of the vessel, also, renders it impossible to maintain the 
paddles at the requisite degree of immersion necessary to give them their 
greatest efficiency ; one wheel on one side being occasionally immersed too 
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deeplj, '^ifle the otiier wheel, on the other ade maj be lifted entirelj oat of 

water. 

349. To reined J m some degree these caoses of inefficienrj 
and waste, the submerged propelling- wheel, known as tho 
screw-propeUer, has been introdooed within the last few years. 
The screw-propeller consists of a wheel resemlling in its form 
the threads of a screw, and rotating on an axle. It is placed 

in the stem ot the vessel, lelow the water-line, immediately in front of the 

rudder. Fig. 144 represents one form of the 8crew-pn^>eller, and its location 

in reference to the other parts of the TesseL 



Describe the 
coostmctioa 
and action of 
the acrew-ppo- 
peUer. 



Fig. 144. 




The manner in which the screw-propeller acts in impelling the vessel for- 
ward, may be understood by supposing the wheel to be an ordinary screw, 
and the water surrounding it a solid substance. By turning the screw in one 
direction or the other, it would move through the water, carrying the vessel 
with it, and the space through which it would move in each revolution would 
be equal to the distance between two contiguous threads of the screw. In 
fact, the water would act as a fixed nut, in which the screw would turn. 
But tho water, although not fixed in its position as a solid nut, yet offers a 
considerable resistance to the motion of the screw-wheel ; and as the wheel 
turns, driving the water backward, the reaction of the water gives a propul- 
sion to the vessel in a contrary direction, or foi*ward. 

The great advantage of the screw-propeller is, that its ac- 
tion on the water will be the same, no .matter to what degree 
it may be immersed in it, or how the position of the vessel 
on the surface of the water may be changed. 

350. The application of the force of water in motion for im- 
pelling machinery, is most extensive and familiar. The sim- 
plest method of applying this force as a mechanical agent, is 
by means of wheels, which are caused to revolve by the 



Whnt is the 
great advaii- 
tipe of the 
screw-propeller 
ov'^r the pad- 
dle-wheel ? 

What is the 
simplest meth- 
od of U!=ing 
water as a mo- 
tive power ? 
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weight, cr pressure, of the water applied to their circumferences. These 
wheels are mounted upon sliafts, or axlos, which are in turn connected with 
the machinery to which motion is to be imparted. 

Into hair mmny ^51. The watei-wheels at present most gen- 
Slte?whJS erally used may be divided into four classes — 
divid^y the Undershot, the Overshot, the Breast 

Wheel, and the Tourbine Wheel. 

352. The Undershot FiG. 145. 
I)>ficribe the __, , . ^ « v i 
eonstrjcdon of Wheel consists of a wheel, 
an Undcr«hot ^q ^^ circumference of 
Wheel. , . , ^ , 

which are fixed a number 

of flat boards called "float-boards," at equal 
distances from each other. It is placed in 
such a position that its lower floats are im- 
mersed in a running stream, and is set in 
motion by the impact of the water on the 
boards as they successively dip into it. A 
wheel of this kind will revolve in any 
stream which furnishes a current of suffi- 
cient power. Fig. 145 represents the construction of the undershot wheel. 

This form of wheel is usually placed in a "race-way," or narrow passage, ia 
such a manner as to receive the full force of a current issuing from the bottom 
of a dam, and striking against the float-boards. And it is important to re- 
member, that the moving power is the same, whether water falls downward 
from the top of a dam to a lower level, or whether it issues from an opening 
made directly at the lower level This will be obvious, if it is considered 
that the force with which water issues from an opening made at any point in 
the dam will be equal to that which it would acquire in falling from the sur- 
fece or level of the water in the dam down to the same point. 

The undershot wheel is a most disadvautageous method of 
applying the power of water, not more than 25 per cent of 
the moving power of the water being rendered available 
by it. 

353. In the Overshot 
Wheel, the water is received 
into cavities or cells, called 

"buckets," formed in the circumference of the 
wheel, and so shaped as to retain as much of 
the water as possible, until they arrive at the 
lowest part of the wheel, where they empty 
themselves. The buckets then ascend empty 
on the other side of the wheel to be filled ass 
before. The wheel is moved by the weight of 



What propor- 
tion of power is 
lost by the un- 
dershot wheel? 

Describe the 
construction of 
the Overshot 
WheeL 



Fia. 146. 




the water contained in the buckets on the descending side, 
sonts an overshot wheel 



Fig. 146 repre- 
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The overshot wheel is one of tho moat eflfective rarieties of 
water-wheels, and receives its name from the circumstance 
that the water shoots over it It requires a fall in the stream, 
rather liigher than its own diameter. Wheels of this kind, 
when well constructed, utilize nearly three fourths of the mov- 
ing force of the water. 

354. The Breast Wheel may be considered as a variety 
intermediate between the overshot and the undershot wheels. 
In this, the water, instead of Ming on the wheel from above, 
or passing entirely beneath it, is dcUvered just below the level 



What propor- 
tion of the 
moving power 
is utilized by 
the oyershot 
wheel ? 



Describe the 
construction of 
the Breast- 
WheeL 



Fig. 147. 



of the axis. The race-way, or passage for 
the water to descend upon the side of the 
wheel, is built in a circular form, to fit the 
circumference of the wheel, and the water 
thus inclosed acts partially by its weight, 
and partially by its impulse, or momentum. 
Fig. 147 represents a breast-wheel, with its 
circular race-way. 

The breast-wheel, when well constructed, 
will utilize about 65 per cent, of the mov- 
ing power of tho water. It is more efficient 
than the undershot wheel, but less than the 

overshot. It is therefore only used where the fall happens to be particularly 

adapted for it. 

355. The fourth class of water-wheels, the " Tour- ^^^' 148. 




p- 



bine," or "Turbine," is a wheel of modem invention, 
and is the most powerful and economical of all water- 
engines. 

The principles of the construction and action of the 
Tourbine wheel may be best understood by a previous 
examination of the construction of another water- 
engine known as "Barker's Mill." (See Fig. 148.) 

. , This consists of an upright tube or 

construction of cylinder, furnished with a smaller 
Barker's Mill. cross-tube at the bottom, and en- 
larged into a funnel at the top. The whole cylinder 
is so supported upon pivots at tho top and bottom, 
^ that it revolves freely about a vertical axis. It is 
evident if there are no openings in the ends of the 
cross-tubes, and the whole is filled with water, that 
the entire arrangement will be simply that of a close 

vessel filled with water, without any tendency to motion. If, however, the 
ends of the arms, or cross-tube, have openings on the sides, opposite to one 
another, as is represented in the figure, the sides of the tube on which the 
openings are, will be relieved from tho pressure of the column of water in the 
upright tube by the water flowing out, while the pressure on the sides oppo- 
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Describe the 
oonstruction 
and action of 
the Tourbioe 
WbeeL 




site to them, which have no openings, will remain the same. The machine, 
therelbre, will revolve in the direction of the greater pressure, that is, in a 
direction contrary to that of the jets of water. A supply of water poured mto 
the funnel-head, keeps the cylinder full, and the pressure of the colunm of 
water constant 

The action of this machine may also be explained according to another 
view : the pressure of the column of water in the upright tube, will cause the 
water to be projected in jets from the openings at the ends of the arms in 
opposite directions ; when the recoil, or reaction of these jets upon the ex- 
tremities of the cross-tubes, gives a rotary motion to the whole machine upon 
its vertical axis. 

The Tourbine wheel derives its motion, like the Barker's 
mill, from the action of the pressure of a column of water. 
It consists of a fixed, horizontal cylinder, A B, Fig. 149, in 
tho center of which the water enters from an upright tube or 
cylinder, corresponding in position 
Fig. 149. ^ ^^Q upright cylinder of a Bark- 

er's mill. The water descend- 
ing in the tube diverges from the 
center in every direction, through 
curved water-channels, or com- 
partments, A and B, formed in the 
horizontal cylinder, and escapes at 
the circumference. Around the 
fixed horizontal cylinder, a hori- 
zontal wheel, D, in the form of a 
ring or circle, is fitted, with its rim 
formed into compartments exactly 
similar to the compartments of the 
fixed cylinder, with the exception 
that their sides curve m an oppo- 
site direction. The water issubg 
from the guide-curves A B, strikes against the curved compartments of the 
wheel C B, and causes it to revolve. The wheel, by attachments beneath the 
fixed cylinder A B, is connected with a shaft, E, which passes up through the 
fixed and upright cylinder, and by which motion is imparted to machinery. 

The Tourbme wheel may be used to advantage with a fall 
Sency *^of o^ Water of any height, and will utUize more of the force of ^ 
the Tourbine the moving power than any other wheel — ^amountmg, in some 
^^®®^^ instances, as at the cotton factories at Lowell, Mass., to up- 

ward of 95 per cent, of the whole force ol the water. 

356. It may appear strange to those unacquainted with the 

action of hydraulic engines, that so much of the power exist- 

ag m the agent we use for producing motion, as running 

•ater, should be lost, amounting in the undershot wheel to 

per cent, of tho whole power. This is due partially to the 
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fiiction of tiie water against the surfaces upon which it flows, and to the fric- 
tion of *the wheel which receives the force of the current Force is also lost 
bj changing the direction of the water in order to convey it to tlie machinery ; 
in the sudden change of velocity which the water undergoes when it lirst 
strikes the wheels ; and more than all, from the fact that a cotmiderable amount 
of fbrco is left unemployed in the water which escapes with a greater or less 
velocity from every variety of wheel It may be considered as practically 
^ impossible to construct any form of water-engine which will utilize the whole 
force of a current of water. 

357. Water, although one of the most abundant substances in nature, and 
a universal necessity of life, is not always found in the location in which it is 
desirable to use it Mechanical arrangements, therefore, adapted to raise 
water from a lower to a higher level, have been among the earliest inventions 
of every country. 

What were ^58. The application of the lever, in the 
Sn^mi?tefn; form of the old-fashioned well-sweep (still 
raising water? ^g^,^ ^^ many pafts of this country, and 
throughout Eastern Asia), of the pulley and rope, and 
the .wheel and axle in the form of the windlass, were un- 
doubtedly the earliest mechanical contrivances for raising 
water. 

be th '^^® screw of Archimedes, invented by the philoaophor 

Archimedes whose name it beajp, is a contrivance for raising water, of 
^^^^- great antiquity. 

This machine, represented in Fig, 
150, consists of a tube wound in a 
spind form about a solid cylinder, A 
B, which is made to revolve by turn- 
ing the handle H. This cylinder is 
placed at a certain inclination, with 
its lower extremity resting in the 
water. As the cylinder is made to 
revolve, the end of the tube dips into 
the water, and a certain portion en- 
ters the orifice a. By continuing 
the revolution of the cylinder, llie 
water flows down a series of iiiOlinL-d 
planes, or to the under sidu of tlis 
tube, and if the inclination of 
tube be not too great, the water will finally flow out at the upper oriflee 
a proper receptacle. 

The following diagram. Fig. 151, representing the curved tube in 
opposite positions, will illustrate the action of the Archimedes screw, Sn[ 
a marble dropped into the tube at a^ fig. 1, : if it was kept stationary it 
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Fig. 151. tube until it was turned half round, as in the 

position, fig. 2, the marble would be at d^'; now, 
if at liberty to move, it would roll down to b", 
but this effect, which we have supposed accom- 
plished all at once, is really, gradually performed, 
and a rolls down toward 6' by the gradual turn- 
!\<r ing of the tube, and reaches V as soon as the 
screw comes into the position marked in fig. 2 
another half turn of the screw would bring it 
into its first position, and the marble would 
gradually roll forward to c. 

When was the ^^^* "^^ common suction-pump is a later discovery than the 
common pump screw of Archimedes, and is supposed to have been invented 
invented ? ^yy Ctesibius, an Athenian engineer who lived at Alexandria, 

in Egypt, about the middle of the second century before the Christian era.* 




Describe the 
construction of 
the chain-pump. 



Fig. 152. 



360. The chain-pump 
consists of a tube, or cyl- 
inder, the lower part of 
which is immersed in a well or reser- 
voir, and the upper part enters the bot- 
tom of a cistern into which the water is 
to be raised. An endless chain is car- 
ried round a wheel at the top, and is 
furnished at equal distances with flat 
discs, or plates, which fit tightly in the* 
tube. As the wheel revolves, they suc- 
cessively enter the tube, and carry the 
water up before them, which is dis- 
charged into the cistern at the top of the 
tube. The machine may be set in mo- 
tion by a crank attached to the upper 
wheel. 

Fig. 152 represents the construction 
and arrangement of the chain-pump. 
In what Bitna- ^he chain-pump will 

tions is this act with its greatest ef 
^SXTsedf <■«=*. ^hen the cylinder 
in which the plates and 
chain move, can be placed in an inclined 
position, instead of vertically. It is used 
generally on board of ships and in sit- 
uations where the height through which 
the water is to be elevated is not very great, as in cases where the founda- 
tions of docks, eta, are to be drained. 

* The suction-pump, and other machines for raising water which depend upon the 
pressure of the atmosphere, are described under the head of Pneumatics. 
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For what other 
purposes than 
raising water 
is the chain- 
pump uaedf 



IVhat is an Hy- 
draulic Bam? 



Describe the 
construction of 
the Hydraulic 



Fig. 153. 



This machine is not, however, used exclusively for raising 
water. Its appUcation, in principle, may be seen in any grist- 
mill, where it conveys the flour discharged from the stones, 
to an upper part of the building, where it is bolted. Dredg- 
hag machines for elevating mud from the bottom of riversj are 
also constructed on the same principle. 

361. The Hydbaulic Kam ib a XDachine 
constructed to raise water by taking advantage 
of the impulse, or momentum, of a current of water sud- 
denly stopped in its course, and made to act in another 
direction. 

The simplest construction of the hydraulic ram is repre- 
sented in Fig. 153, and its operation is as follows:— At the 
end of a pipe, B, connected with a spring, or reservoir. A, 
somewhat elevated, from which a supply of water is derived, 
is a valve, E, of such weight as just to fall when the water is quiet, or still, 

within the pipe; this pipe is con^ 
nected with an air-chamber, D, 
from which the main pipe, F, leads ; 
this air-chamber is provided with 
a valve opening upward, as shown 
in the cut. Suppose now, the 
water being still within the tube^ 
the valve E to open by its own 
weight; immediately the stream 
begins to run, and the water flow- 
ing through B soon acquires a 
momentum, or force, suflBcient to 
raise the valve E up against its seat. The water, being thus suddenly ar- 
rested m its passage, would by its momentum burat the pipe, were it not for 
the other valve in the air-chamber, D, which is pressed upward, and allows 
the water to escape into the air-chamber, D. The air contained in the 
chamber D is condensed by the sudden influx of the water, but immediately 
reacting by means of its elasticity, forces a portion of the water up into the 
tube F. 

As soon as the water in the pipe B is brought to a state of rest, the valve 
of the au'-chamber closes, and the valve E falls down or opens ; again the 
stream commences running, and soon acquires suflBcient force to shut the 
valve E ; a new portion is then, by the momentum of the stream, urged into 
the air-chamber and up the pipe F ; and by a continuance of this action, 
water will be continually elevated in the pipe F. 

Fig. 154 represents a more improved construction of the ram, in which by 
the use of two air-chambers, C and F, the force of the machine is greatly in- 
creased. A represents the main pipe, B the valve from whence the water 
escapes, G the pipe in which it is elevated. 
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Fig. 154. 



■'»iii3S§^"- 




As this machine produces a kind of intermitting motion from the alternate 
flux and reflux of the stream, accompanied with a noise arising from the shock, 
its action has been compared to the butting of a ram ; and hence the name of 
the machine. 

It will be seen from these detafls, that a very insignificant pressing column 
of water, running in the supply pipe, is capable of forcing a stream of water 
to a very great height, so that a sufficient fall of water may be obtained in any 
running brook, by damming up its upper end to produce a reservoir, and then 
carrying the pipe down the channel of the stream until a sufficient fall is 
obtained. A considerable length of descending pipe is desirable to insure the 
action of the stream, otherwise the water, instead of entering the air-vessel, 
may be thrown back, when the valve is dosed, into the reservoir. 



CHAPTER X. 

PNEUMATICS. 



What is the 362. Pneumatics is that department of 
pJluSatics*? physical science which treats of the motion 
and pressure of air,* and other aeriform, or 
gaseous substances. 

Into what two ^^^- Aerifomi, or gaseous bodies, may be 
?eri^r ™*8nbl dividcd into two classes, viz., the permanent 
?ider? ^ ^*" g^9^s, or thosc which under all ordinary cir- 
cumstances of temperature and pressure are 
always in the gaseous state, as common air ; and the va- 
pors, which may readily be condensed by pressure, or the 
diminution of temperature, into liquids, as steam, or the 
vapor of water. 

364. Atmospheric air is taken as the tjrpe, or representativo, of all perma- 
nent gases, and steam as the type of all vapors, because these substances pos- 
sess the general properties of gases and vapors in the utmost perfection. 
What is the 365. The atmosphere is a thin, transparent 

atmosphere? fluid, or acriform substance, surrounding the 
earth to a considerable height above its surface, and which 
by its peculiar constitution supports and nourishes all 
forms of animal or vegetable life. 

* Atmospheric air is composed of oxygen and nitrogen mixed together in the proportion 
of Bcventy-nine parts of nitrogen and twenty-one of oxygen, or about four-fifths nitrogen 
to one-fifth oxygen. These two gases existing in the atmosphere are not chemically com- 
bined with each other, but merely mixed. 

Beside these two ingredients there is always in the air, at all places, carbonic acid gaa 
and watery vapor, in rariable proportions, and sometimes also the odoriferous matter of 
flowers, and other volatile substances. 

The air in all regions of the earth, and at all elevations, never varies in compositior, so 
fai as regards the proportions of oxygen and nitrogen which it contains, no matter whether 
It te collected on the top of high mountains, over marshes, or over deserts. 

It is a wonderful principle, or law of nature, that when two gases of different weights, 
or specific gravities, are mixed tojrether, they can not remain separate, as fluids of differ- 
ent densities do, but diffuse themselves uniformly throughout the whole space which both 
occupy. It is, therefore, by this law that a vapor, arising by its own elasticity from a 
volatile substnnce, is caused to extend its influence and mint^le with the surrounding at- 
mospliere, until its effects become so enfeebled by dilution as to be imperceptible to the 
senses. Thus we are enabled to enjoy and perceive at a distance the odor of a flower- 
garden, or a perAime which has been e^qrased in an apartment. 
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The atmosphere is not, as is generally regarded, invisiblei. 

'h ^^TisiS^?" ^^®^ 8®®^ through a great extent, as when we look upward 

in the sky on a clear day, the vault appears of an azure, or 

deep blue color. Distant mountains also appear blue. In both these instances 

the color is due to the groat mass of air through which we direct our vision. 

The reason that we do not observe this color in a small quan- 
a b-maUquanti- tity of air is, that the portion of colored light reflected to the 
P.,P^ ^ ®*" eye by a limited quantity is insufficient to produce the requis- 
ite sensation upon the eye, and in this way excite in the mind 
a perception of the color. Almost all slightly transparent bodies are exam- 
ples of this fact 

If a glass tube of small bore be filled with sherry wine, or wine of a simi- 
lar color, and looked at through the tube, it will be found to have all the 
appearance of water, and be colorless. If viewed from above, downward, in 
the direction of its length, it will be found to possess its original color. In 
the first instance, there can be no doubt that the wine has the same color 
as the hquid of which it originally formed a part ; but in the case of small 
quantities, the color is transmitted to the eye so faintly, as to be inadequate to 
produce perception. For the same reason, the great mass of the ocean 
appears green, whUe a small quantity of the same water contained in a glass 
is perfectly colorless. 

Does air pos- ^^^' -^^h ^ common with other material 
wS^ *quau- substances, possesses all the essential quali- 
ties of matter? ^j^g q{ matter, as impenetrability, inertia, and 
weight. 

36'7. The impenetrability of air may be shown by taking a 
proofs of the hollow vessel, as a glass tumbler, and immersing it in water 
ty K*r ? ^"*' with its mouth downward ; it will be found that the water 
win not fill the tumbler. If a cork is placed upon the water 
under the mouth of the tumbler, it will be seen that as the tumbler is pressed 
down, the air in it will depress the surface of the water on which the cork 
floats. The diving-bell is constructed on the same principle. 

„^ , 368. The inertia of the air is shown by the resistance which 

What are 

proofs of the it opposes to the motion of a body passing through it Thus, 
inertia of air ? if^Q open an umbrella, and endeavor to carry it rapidly with 
the concave side forward, a considerable force will be required to overcome 
the resistance it encounters. A bird could not fly in a space devoid of air, 
even if it could exist without respiration, since it is the inertia, or resistance 
of the particles of the atmosphere to the beating of the wings, which enables 
it to rise. The wings of birds are larger, in proportion to their bodies, than 
the fins of fishes, because the fluid on which they act is less dense, and has 
proportionally less inertia, than the water upon which the fins of fishes act 

To what ex- ^69. Air is highly CO mpressible and perfectly 

tent is air ploGfip 
compressible? CiaSllC. 

By these two qualities au: and all other gaseous substances 



GCS8 any con- in an unlimited degree. Air cannot bo said to have &nj 
volume?** *" original size or volume, for it always strives to occupy a 
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are particalarly distinguished from liquids, which resist compression, and pos- 
sess but a small degree of elasticity. Illustrations of the compressibility of air 
are most familiar. A quantity of air contained in a bladder, or India-rubber 
bag, may be easily forced by the pressure of the hand, to occupy less space. 
There is, indeed, no theoretical limit to the compresiHon of air, lor with every 
additional degree of force, an additional degree of compression may be obtained. 
. The elasticity, or expansibility of air, also maniiests itself 

larger space. 

What are Uius- When a part of the air inclosed in any vessel is withdrawn, 
trations of the , , . , . j. %. -x , . , 

expansibiUty that which rcmams, expanding by its elastic property, always 

^^ *^ ' fills the dimensions of the vessel as completely as before. If 

nine tenths were withdrawn, the remaining one tenth would occupy the same 
space that the whole did formerly. 

This tendency of air to occupy a larger space, or in other words, to increase 
its volume, causes it when confined m a vessel, to continually press against 
the inner surface. If no corresponding pressure acts from the outer suriace, 
the air will burst it, unless the vessel is of considerable strength. This fact may 
be shown by the experiment of placing a bladder partially filled with air be- 
neath the receiver of an air-pump, and by exhausting the air in the receiver 
the pressure of the external air upon the outer surface of the bladder is re- 
moved. The elasticity of the air contained in the bladder being then unre- 
siatod by any external pressure, will dilate the bladder to its fiillest extent, 
and oftentimes burst it. 

_ . ^ . 369. Air, as well as all other gases and va- 

Haa air weight? ' . , ^ 

pors, possesses weight. 

The weight of air may be shown by first weighing a suitable vessel filled 
with air; then exhausting the air from it by moans of an air-pump, and weigh- 
ing again. The difference between the two weiglits will be the weight of the 
air contained in the vessel. 

The weight of 100 cubic inches of air is about 31 grains. 

To what ia the ^'^^* "^^^ elasticity, or expansion of air is due 
S'dSY °^ *^ ^^^ peculiar action of the molecular forces 
among its particles, which manifest themselves 
in a very dijfferent manner from what they do in solid and 
liquid bodies. 

In solid bodies, these forces hold the molecules, or particles together so 
closely, that they can not change their respective positions ; they also hold 
together the particles of liquid bodies, but to such a limited extent only, as to 
enable the particles to move upon each other with perfect freedom. But in 
gases, or aeriform substances, the molecular forces act repulsively, and give to the 
particles a tendency to move away from each other; and this to so great an ex- 
tent, that nothing but external impediments can hinder then: further expansion. 



166 



WELLS'S NATURAL PHILOSOPHY. 



__ umita ^® question, therefore, nftturally occurs in this connection, 
the atmosphere viz.: II' air expands unlimitedly, when unrestricted, wtiy does 
to the earth? jjq^ ^^^ atmosphere leave the earth and diffuse itself througli- 
out spaoe indefinitely 7 This it would do were it not for the action of gravi- 
tation. The particles of air, it must bo remembered, possess weight, and by 
gravity are attracted toward the center of the earth. This toudency of gravity to 
condense the air upon the earth's surface, is opposed by the mutual repulsion 
existing between the particles of air. These two forces counterbalance each 
other : the atmosphere will therefore expand, that is, its particles will separate 
from one another, until the repulsive force is diminished to such an extent as to 
render it equal to the weight of the particles, or what is the same thing, to 
the force of the attraction of gravitation, when no further expansion can take 
place. We may therefore conceive the particles of ahr at the upper surface of 
the atmosphere restmg in equilibrium, under the influence of two opposite 
forces, viz., their own weight, tending to carry them downward, and the 
mutual repulsion of the particles, which constitutes the elasticity of air, tend- 
ing to drive them upward. 

871. The density of the air, or the quantity 
contained in a given bulk, decreases with the 
altitude, or height above the surface of the 



What law reg- 
ulates the den- 
sity of the at- 
mosphere f 



Fig. 155. 




earth. 

This is owing to the diminished pressure of the air, and 
the decreasing force of gravity. Those portions directly 
incumbent upon the earth are most dense, because they bear 
tlie weight of the superincumbent portions; thus, the hay 
at the lower part of the stack bears the weight of that 
above, and is therefore more compact and dense. (See Fig. 
155.) This idea may be conveyed by the gradual shading 
of the figure, which indicates the gradual diminution in the 
density of the atmosphere in proportion to its altitude. 

When is air 372. Air is Said to be rarefied 

said to be rare- , •, • ^ , i -i 

fitd? when it is caused to expand and occupy a 

greater space. 

Generally, when we speak of rarefied air, we mean air that is expanded to 
a greater degree, or is thinner, than the air at the immediate surface of the 
earth. 

373. The great law governing the compressibility of air, which is known 
from its discoverer as " Mariotte's Law," may be stated as follows: 

The volume of space which air occupies is in- 
versely as the pressure upon it. 

If the compressing force be doubled, the air which is compressed will 
occupy one half of the space : if the compressing force be increased in a three- 
fold proportion, it will occupy one third the space; if fourfold, one fourth the 
space, and so on. 



What is Ma- 
riotte's Lav? 
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Tho relation between the oompreasibility of air, and its elasticity and dens- 
ity, also obeys a certain law which may thus be expressed : — 

374. The density and elasticity of air are 
directly as the force of compression. 

This relation is clearly exhibited by the following table : — 
"VVitli the same amount of air, occupying the space of 
1 1 1 1 1 1 1 

•*-i 2» 3J 4> 3) ir> T'nJ)i 

the elasticity and density will be 1, 2, 3, 4, 5, 6, 100. 

Hence by compressing air into a very small space, by means 



What relation 
existfi between 
the compressi- 
bility of air 
and its elastic- 
ity and density? 



Instrations of of a proper apparatus, we can increase its elastic force to such 
the elastic force g^ extent as to apply it for tho production of very powerful 
eflfects. The well-known toy, tho pop-gun, is an example of 
the application of this power. The space A of a hollow cylinder, Fig. 156, is 
inclosed by the stopper, p, at one end, and by the end of the rod, S, at the 
other end. This rod bemg pushed further into the cylinder, the air contained 
in the space. A, is compressed until its elastic force becomes so great as to 
drive out the stopper, p, at the other end of the cylinder with great force, 



Fm. 156. 



accompanied with a report The air-gun is constructed and operated on a 
similar principle. Fiq, 157, 

375. The laws of Mariotte may be 
^ta^at^"^ the illustrated and proved by the following 
laws ofMariotte. experiment: let A B C D be a long, 
bent glass tube, open at ks longer extremity, and fur- 
nished with a stop-cock at the shorter. The stop-cock 
being open so as to allow free communication with 
the au-, a quantity of mercury is poured into the 
open end. The surfaces of the mercury wUl, of course, 
stand at the same level, E F, in both legs of the 
tube, and will both sustain the weight of a col- 
umn of air reaching from E and F to the top of 
the atmosphere. If we now close the stop-cock, D, 
the effect of the weight of the whole atmosphere 
above that point is cut off, so that the surface, F, can 
sustain no pressure arising from the weight of the 
atmosphere. Still, the level of the mercury in both 
legs of the tube remains the same, because the elas- 
ticity of the air mclosed m F D is precisely equal, and 
gofficient to balance the weight of the whole column 
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of atmosphere pressing upon the surface, E. If this were not the case, or if 
there were no air in E D, then the weight of the atmosphere pressing upon 
the surface E would force the mercury, £ B C F, up into the space, F D. Tht 
elasticity of air «, therefore^ directly proportionate to the force^ or compression^ 
exerted upon it 

It is evident that the pressure exerted upon the surface, E, Fig. 157, what- 
ever may bo its amount, is that of a column of air reaching from £ to the'top 
of the atmosphere, or, as we express it, the weight of one atmosphere. The 
amount of this pressure, accurately determined, is equal to the weight, or 
pressure, which a column of mercury 30 inches high would exert on the 
same sudaoe. If then, we pour into the tube, A E, Fig. 157, as much 
mercury as will raise the sur&ce in the leg A B 30 inches above the 
sur&ce of the mercury in the leg D C. we shall have a pressure* on the 
surface of E equal to two atmospheres; and since liquids transmit pressure 
equally in all directions, the same pressure will be exerted on the air included 
in the leg D F. This will reduce it in volume one hal^ or compress it into 
half the space, and the mercury will rise in the leg D F from F to F. This 
weight of two atmospheres reduces a given quantity of air into one half its 
volume. In the same manner, if mercury be again poured into the tube A 
E until the surface of the column in A E is 60 inches above the level of the 
mercury in D F, then the air in D F will be compressed into one third of its 
original volume. In the same manner it could be shown, by continuing these 
experiments, that the diminution of the volume of air will always be in the 
exact proportion of the increase of the compressing force, and its volume can 
also be increased in exact proportion to the diminution of the compressing 
forca In fact this law has been verified by actual experiment, until the air 
has been condensed 27 times and rarefied 112 times. 

Air has been allowed to expand mto more than 2,000 times its bulk, and 

it would have expanded still more if greater space had been allowed. Air 

has also been compressed into less than a thousandth of its usual bulk, so as 

to become denser than water. In this state it still preserved its gaseous form 

and condition. 

«r .,. 1 ^. 376. The fact that air possesses weight, and consequently 

Was the weight _^ ^.'^ ^^ . ? j_ i. o j 

of air knowa exerts pressure, was not known until about two hundred years 

denta*?* *°" ®^' "^^ ancient philosophers recognized the fact, that air 
was a substance, or a material thing, and they also noticed 
that when a solid, or a liquid, was removed, that the air rushed in and filled 
up the space that had been thus deserted. But when called to give a 
reason for this phenomenon, they said "that nature abhorred an empty 
space," or a " vacuum," and therefore filled it up with air, or some liquid, or 
solid body. 

What is a 377. A vacuum is a space devoid of matter; 

vacuum? j^ general, we mean by a vacuum a space de- 
void of air. 

No perfect vacuum can be produced artificially ; but confined spaces can 
be deprived of air sufficiently for all experunental and practical purposes. 
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We do not know, moreover, that anj vacuum exists in nature, although there 
is no conclnsiye evidenoe that the spaces between the planets are filled with 
any material substance. 

If we dip a pail into a pond, and fill it with water, a hole (or vacuum) is 
made in the pond as big as the pail ; but the moment the pail is drawn out, 
the hole is fiUed up bj the water around it In the same manner air rushes 
in, or rather is pressed in by its weight, to fill up an empty space. 
„ - When we place one end of a straw, or tube in the mouth, 

water rise in a and the other end in a liquid, we can cause the liquid to rise 
^w by BBC- jjj ^Q straw, or tube by sucking it up, as it is called. We, 
however, do no such thing; we merely draw into the mouth 
the portion of mr confined in the tube, and the pressure of the external air 
which is exerted on the sui&ce of the liquid into which the tube dips, being 
no longer balanced by the elasticity of the air in the tube, forces the liquid up 
into the mouth. I^ however, the straw were gradually increased in length, 
we should find that above a certain length we should not be able to raise 
water into the mouth at all, no matter how small the tube might be in diam- 
eter ; or, in other words, if we made the tube 34 feet long, we should find 
tb&t no power of suction, even by the most powerful machinery instead of 
the mouth, could raise the water to that height. Tlie water rises in the com- 
mon pump in the same way that it does in the straw ; but not above a height 
of 33 or 34 feet above the level of the reservoir. 

„ ., 378. The reason why water thus rises in a straw, or pump, 

ascentof water remamed a mystery until explamed and demonstrated by Tot- 
Sxra'fir^^ «r "c®^*> a pupil of Galileo. It ia clear that the water is sua- 
piainedandde- tamed in the tube by some force, and Torricelli ai^ed that 
monstratad? whatever it might be^ the weight of the column of water sus- 
tained must be the measure of the power thus manifested ; consequently, if 
another liquid be used, heavier or lighter, bulk for bulk, than water, then (he 
same force must sustain a lesser or greater cohmm of sttch liquid. By using a 
much heavier liquid, the column sustained would necessarily be much shorter, 
and the experiment in every way more manageable. 

Torricelli verified his conclusions in the following manner: — ^He selected 
for his experiment mercury, the heaviest known liquid. As this is 13-J- 
times heavier than water, bulk for bulk, it followed that if the force imputed 
to a vacuum could sustain 33 feet of water, it would necessai^y sustain 
13|- times less, or about 30 inches of mercury. Torricelli therefore made the 
following experiment, which has since become memorable in the history of 
science : — 

He procured a glass tube (Fig. 158) more than 30 inches long, open at one 
end, and closed at the other. Pilling this tube with mercury, and applying 
his flnget to the open end, so as to prevent its escape, he inverted it, plungf- 
ing the end into mercury contained in a dstem. On removing the finger, he 
observed that the mercury in the tube fell, but did not fall altogether into the 
cistern ; it only subsided until its surfece was at a height of about 30 inches 
ftbove the sur&ce of the mercury in the dstem. The result was what Tor- 

8 
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licelli expected, and he soon FiQ. 158. 

perceived the true cause of the 

phenomenon. The weight of 

the atmosphere acting upon 

the sur&ce of the mercury in 

♦:he vessel, supports the liquid 

in the tube, this last being 

protected fix)m the pressure of 

the atmosphere by the closed 

end of the tube. 

„ ,^ 319. The fact 

How WM the ^, ^ ^, 1 

eoDclQsion of that the col- 
TorrlceUi far- ^j^^ ^f mer- 
ther verified? 

cury m the 

tube was sustained by the 
pressure of the atmosphere, 
was further verified by an ex- 
periment made by Pascal in 
France. He argued, that if 
the cause which sustained the 
column in the tube was the 
weight of the atmosphere act- 
ing on the external surface of 
the mercury in the dstem, 
then, if the tube was trans- 
ported to the top of a high 
mountain, where a less quan- 
tity of atmosphere was above 
it, the pressure would be less, 

and the length of the column less. The experiment was tried by carrying 
the tube to the top of a mountain in the interior of France, and correctly 
noting the height of the column during the ascent. It was noticed that the 
height of the column gradually diminished as the elevation to which the 
instrument was carried increased. 

The most simple way of proving that the column of mercury contained in 
the tube, as in Fig. 158, is only balanced against the equal weight of a column 
of air, is to take a tube of sufficient length, and having tied over one end a 
bladder, to fill it up with mercury, and invert it in a cup of the same liquid; 
the mercury will now stand at the height of about 30 inches ; but if with a 
needle we make a hole in the bladder closing the top of the tube, the mer- 
cury in the tube immediately falls to the level of that in the cup. 

These experiments by Torricelli led to the invention of the 
Barometer. It was noticed that a column of mercury sus- 
tained in a tube by the pressure of the atmosphere, the tube 
being kept in a fixed position, as in Fig. 159, fluctuated from 
day to day, within certain small limits. This effect was 




How did the 
experiment of 
Torricelli lead 
to the inven- 
tion of the Ba- 
rometer ? 
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Fig. 159. 
A 







natmuDy attributed to the Yariation in the weight or pres- 
sure of the incumbent atmosphere, arising from yarious me- 
teorological causes. 

Thus, when the air is moist or filled with vapors, it is lighter 
than usual, and the column of mercury stands low in the 
tube ; but when the air is dry and free from vapor, it is heavier, 
and supports a longer column of mercury. 

So long as the vapor of water exists in the 
atmosphere, as a constituent part of it, it con- 
tributes to the atmospheric pressure, and thus 
a portion of the column of mercury in the ba- 
rometer tube is sustained by the weight of the 
vapor ; but when the vapor is condensed, and 
takes on a visible form, as clouds, etc., then it no longer 
forms a constituent part of the atmosphere, any more than dust, 
smoke, or a balloon floating in it does, and the atmospheric 
pressure being diminished, the mercury in the tube falls. In 
this way the barometer, by showing variations in the weight 
of the air, indicates also the changes in the weather. 

380. The space above the mercury in the 
barometer tube, A D, Fig. 159, is called the 
TorrkeUian vacuum^ and is the nearest approach to a perfect 
vacuum that can be procured by art ; for upon pressing the 



Why should 
the presence of 
condensed va- 
por of water in 
the atmos- 
phere affect its 
pressure ? 



What is the 
most perfect 
vacuum with 
which we are 
acquainted ? 



M 



lower end deeper in the mercury, the 
whole tube becomes completely filled ; the fluid again 
felling upon elevating the tube, it is therefore a per- 
fect vacuum, with the exception of a small portion 
of mercurial vapor. 

381. Barometers are constructed in very different 
forms — ^the principle remaning the same, of cburse, in 
alL The first barometer constructed was simply a tube 
closed at one end, filled with mercury, and inverted 
in a vessel containing mercury, as in Fig. 159. 
What is th '^ ^®^ common form of barometer, 

construction of called the "Wheel-Barometer," con- 
Barome't^?^^" ®^^ °^ » S^^^ t^H bent at the bot- 
tom, and filled with mercury. (See 
Fig. 160.) The column of mercury in the long arm 
of the tube is sustained by the pressure of the atmos- 
phere upon the surface of the mercury in the shorter 
arm, the end of which is open. A small float of iron 
or glass rests upon the mercury in the shorter arm of 
the tube, and is suspended by a slender thread, which 
is passed round a wheel carrying an index, or pointer. 
As the level of the mercury is altered by a variation 
of the pressure of the atmosphere, the float resting 



Fio. 160. 
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upon the open snr&ce, is raised or lowered in the Fia. 161. 

tube, moving the index over a dial-plate, upon which 
the various changes of the weather are lettered. 

Fig. 160 represents the internal structure of the 
wheel-barometer, and Fig. 161 its external appear- 
ance, or casing, with a thermometer attached. 
Describe the ^ very curious barometer, caUed 
Aneroid Ba- the ^^Aiieroid Baromeier^" has been 
rometer. invented and brought mto use within 

the last few years. Fig. 162 respresents its ap- 
pearance and construction. Its action is dependent 
on the effect produced by atmospheric pressure on a 
F18.162. metal box, from 

which the air 
has been ex- 
hausted. In the 
interior of the 
box is a circu- 
lar spring of 
metal, fastened 
at one extremi- 
ty to the sides 
of the box, and 
I attached at the 
other extremity 
by a suitable ar- 
rangement to a 
pointer, which 
moves over a 
dial-plate, or 
scale. The in- 
terior of the box being deprived of air, the atmospheric pressure upon the 
external surfaces of the metal sides is very great, and as the pressure varies, 
these surfaces will be elevated and depressed to a slight degree. This motion 
is communicated to the spring in the interior, and from thence to the pointer, 
which, moving upon the dial, thus indicates the changes in the weather, or 
the variation in the pressure of the atmosphere. 

What are the Water, or some other liquid than mercury, may be used for 
peculiarities of filling the tube of a barometer. But as water is 13^ times 
romebS'T"'**' ^S^^^ ^^^ mercury, the height of the column in the water- 
barometer supported by atmospheric pressure, will be 13|^ times 
greater than that of mercury, or about 34 feet high ; and a change which 
would produce a variation of a tenth of an inch in a column of mercury, would 
produce a variation of an inch and a third in the column of water. The , 
water-barometer is rarely used, for various reasons, one of which is, that a 
barometer 34 feet high is unwieldy and difficult to transport 
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382. The ordinary use of the barometer on land as a "vreather 
^SS^* 5 the indicator is extremely limited and uncertain. It has been 
barometer a« a already stated that the weight of 100 cubic inches of air is 
cator? " about 30 grains. To obtain this result, it is necessary that the 

experiment should be performed at the level of the sea, and it 
is also requisite that the temperature of the air should be about BO® Fahren- 
heit's thermometer, and that the height of the column <Jf mercury in the ba- 
rometer tube should be 30 inches. As these conditions vary, the weight, or 
pressure of the atmosphere, and consequently the height of the mercury in 
the barometer tube must also vary. Especially will the height of the mer- 
curial colunm vary with every change in the position of the instrument as 
r^ards its elevation above the level of the sea. A barometer at the base of 
a lofty tower will be higher at the same moment than one at the top of the 
tower, and consequently two such barometers would indicate different com- 
ing changes in the weather, though absolutely situated in the same place. No 
correct judgment, therefore, can be formed relative to the density of the at- 
mosphere as affecting the state of the weather, without reference to the situ- 
ation of the instrument at the time of making the observation. Consequently, 
no attention ought to be paid to the words ^^ fair^ rain, changeabUj" etc., fre- 
quently engraved on the plate of a barometer, as they will be found no cer- 
tain indication of the correspondence between the heights marked, and the 
state of the weather. 

The barometer, however, may be generally relied on for 
may the ba- furnishing an indication of the state of the weather to this ex- 
rometer be re- ^^^j^^ . — ^^j^^ a fell of the mercury in the tube shows the ap- 
lied on for fore- « » , , i .« 

teUing changeB proach of foul weather, or a storm; while a nse indicates 
In the weather? ^j^^ approach of fair weather. 

At sea, the indications of the barometer respecting the weather, are gener- 
ally considered, from various circumstances, more reliable than on land : the 
great hurricanes which frequent the tropics, are almost always uidicated, some 
time before the storm occurs, by a rapid fall of the mercury. 

383. If a barometer be taken to a point elevated above the 
barometer be surface of the earth, the mercury in the tube wUl fall ; because 
mhSng' ^^^e ^ ^® ascend above the level of the sea, the pressure of the 
height of atmosphere becomes less and less. In this way the barometer 
mountaina? ^^^ ^ ^^^^ ^ determine the heights of mountains, and tables 
have been prepared showing the de^ees of elevation corresponding to the 
amount of depression in the column of mercury. 

What is the 384. The absolute height to which the at- 
S^SJfataSosl?* mosphere extends above the surface of the 
phere? earth is not certainly known. There are good 

reasons, however, for believing that its height does not 
exceed fifty miles. 
This envelope of air is about as thick, in proportion to the whole globe, as 
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the liquid layer adhering to an orange after it has been dipped in water, is 
to the entire mass of the orange. Of the whole bulk of the atmosphere, the 
zone, or layer which surrounds the earth to the height of nearly 2 3-4 miles 
from its surface, is supposed to contain one hal£ The remaining half bemg 
relieved of all superincumbent pressure, expands into another zone, or belt, 
of unknown thickness. Fig. 163 will convey an idea of the proportion which 
the highest mountains bear to the curvature of the earth, and the thickness 
of the atmosphere. The conoentric lines divide the atmosphere into six layers, 
containing equal quantities of air, showing the great compression of the lower 
layers by the weight of those above them. 

FiO. 163. 




Water is about 840 times the weight of air, taken bulk for 

bulk, and the weight of the whole atmosphere enveloping our 

globe has been estimated to be equal to the weight of a globe 

of lead sixty miles in diameter. 

If the whole air were condensed, so as to occupy no more space than the 

same weight of water, it would extend above the earth to an elevation of 

thirty-four feet 

385. All aeriform, or gaseous substances, 
like liquids, transmit pressure in every direc- 
tion equally ; therefore, the atmosphere presses 
upward, downward, laterally, and obliquely, 

with the same force. 

386. The amount of pressure which the at- 
mosphere exerts at the level of the ocean is 
equal to a force of 16 pounds for every square 
inch of surface. 

The surface of a human body, of average size, measures 
about 2,000 square inches. Such a body, therefore, sustains 
a pressure from the atmosphere amounting to 30,000 pounds, 
or about 15 tons. 

The reason we are not crushed beneath so enormous a load, 
is because the atmosphere presses equally in all directions. 



What is the 
comparative 
-ireight of the 
atmosphere ? 



Hoir is the 
pressure of 
aeriform snb- 
Btanees exert- 
ed? 



What is the 
amoant of 
pressure ex- 
erled hy the 
atmosphere ? 



What pressure 
is sustained 
by the human 
body} 



Why are yre 
not crushed by 

£e atmosphere? ^"^ ^^ bodies are filled with liquids capable of sustaining 
pressure, or with air of the same density as the external air ; 



PNEUMATICS. 175 

80 that the external pressore is met and connterbalanced hj the internal re- 
sistance. 

If a man, or animal were at once relieved of all atmospheric pressure, all 
the blood and fluids of the body would be forced by expansion to the surfiioe, 
and the vessels would burst. 

,„^ . ^ . , Persons who ascend to the summits of very high mountains. 

What effect is ,-4. ^ ^ ^ • x. u \. -o 

experienced in or who rise to a great elevation m a balloon, have expenenced 

rf^"^*° ^^* the most .intense suffering from a diminution of the atmos- 
pheric pressure. The air contained in the vessels of the body, 
being relieved in a degree of the external pressure, expands, causing intense 
pain in the eyes and ears, and the minute veins of the body to swell and 
open. Travelers, in ascending the high mountains of South America, have 
noticed the blood to gush from the pores of the body, and the skin in many 
places to crack and burst. 

What is Om ^^ become painfblly sensible of the eflfect of withdrawing 
principle of the external pressure of the atmosphere from a portion of the 
" cupping r* gj^ Qf ^jjQ ^jQ^y jjj ^Q operation of cupping. This is effected 
in the foUovring manner : a vessel with an open mouth is connected with a 
pump, or apparatus for exhausting the air. The mouth of the vessel is ap- 
plied in air-tight contact with the skin ; and by working the pump a part of 
the air is withdrawn from the vessel, and consequently the skin within the 
vessel is relieved from its pressure. All other parts of the body being still 
subjected to the atmospheric pressure, and the elastic force of the fluids con- 
tained in the body having an equal degree of tension, that part of the skin 
which is thus relieved from the pressure swells out, and will have the ap- 
pearance of being sucked into the cupping-glass. 

If the lips be applied to the back of the hand, and the breath drawn in so 
as to produce a partial vacuum in the mouth, the skin will be drawn, or sucked 
in — ^not from any force resident in the lips or the mouth drawing the skin in, 
but from the fact that the usual external pressure of air is removed, and the 
pressure from within the skin is allowed to prevail. 

The sense of oppression and lassitude experienced in sum- 
ten feel op- mer previous to a storm, is caused by -bv icj. 
S'st?TO ?^**'* * diminished pressure of the atmosphere. •"®' ^ 

The external air, in such instances, be- 
comes greatly rarefied by extreme heat and by the con- 
densation of vapor, and the air inside us (seeking to 
become of the same rarity) produces an oppressive and 
suffocating feeling. 

^ _.^ ,^ 387. The direct effects of atmospheric 

Describe the , ,_ 

common suck- pressure may be illustrated by many 

*'• practical experiments. If a piece of 

moist leather, called a sucker, Fig. 164, be placed in 
dose contact with any heavy body, such as a stone, or a 
piece of metal, it will adhere to it, and if a cord be at- 
tached to the leather, the stone, or metal, may be raised 
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Upon whaX 
principle are 
flies enabled to 
walk upon the 
ceQing, et&f 



Explain tbe 
principle and 
conRtruetion of 
the ezhaaating 
syringe and air- 
pump? 



bj it The effect of the sacker anseB from the ezdtunon of the air between 
the leather and the surface of the stone. The weight of the atmosphere 
presses their surfaces together with a force amomiting to 16 potmds on every 
square inch of the surface of contact. If the sucker could act with full 
effect, a disc an inch square would support a weight of 15 pounds ; two 
square inches, 30 pounds, etc. The practical effect, however, of the sucker 
is much lesa 

388. The power of flies and other small insects to walk on 
ceilings, and surfaces presented downward, or upon smooth 
panes of glass, in opposition to the gravity of their bodies, is 

generally refered to a sucker-like action of the palms of their 
feet. Recent investigations have, however, proved, that the effect is rather 
due to the mechanical action of certain minute hairs growing upon the feet^ 
which are tubular and excrete a sticky liquid. 

389. For the purpose of exhibiting the effects produced by 
the atmosphere m different conditions, and for various practi- 
cal purposes, instruments have been contrived by which air 
may be removed from the interior of a vessel, or condensed 
into a small space to any extent, within certain limits. The 

first of these requirements may be obtained by the use of the instruments 
known as the exhausting syringe and the air-pump. 

The exhausting syringe consists of a hollow cylinder, generally Fla. liw. 
of metal, B C, Fig. 166, very truly and smoothly bored upon the 
inside, and having a piston moving in it air-tight This cylinder 
communicates by a screw and pipe at the bottom, with any ves> 
sel, generally called a receiver, from which it is desurable to with- 
draw the air. The piston has a valve at £, opening upward, 
,and at the bottom of the cylinder another valve precisely similar 
is placed, which also opens upward, shown at X, Suppose 
now the piston to be at the bottom of the cylinder and the re- 
ceiver to be in proper connection — ^upon raising the piston by 
the handle, D, a vacuum is made in the cylinder ; immediately 
the air in the receiver expands, passes through the valve A at 
the bottom of the cylinder, and fills its interior ; upon depressing 
the piston, the valve £ opening upward permits the air to pass 
through, and the valve A at the bottom of the cylinder closing, 
prevents it from passing back into the receiver. Upon again 
raising the piston, a further portion of air expanding from the "^ 
receiver, enters the interior of the syringe, and upon depressing th^ piston, 
passes out through its valve. It is evident that tiiis operation may be con- 
tinued as long as the air within the receiver has elasticity 6a£Bcient to force 
open the valves. 

The process of removing air from a vessel, or receiver, by means of the ex- 
hausting syringe is slow and tedious, and more powerful instruments, known 
as air-pumps, are generally employed for this purpose. The modem form 
of constructing the air-pump is represented by F^. 166. The principle of its 
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constiraction is the same as Fia. 166. 

that of the exhausting sy- 
ringe, the piston being work- 
ed hy a lever or handle, as in 
the common pump, the valves 
opening and closing with 
great nicety and perfection. 

,_ , , ,, 381. When 

YiThat is the 

coostmcdon of the density 

the condeasiiig ^f ^^ ^jy ^ 
■yringe 7 

required to 

be increased, the condensing 
syringe, the converse of the 
exhausting syringe, is em- 
ployed. It consists merely 
of an exhausting syringe, or 
air-pump, reversed, its valves 
being so arranged as to force 
air into a chamber, instead of 
drawing it out For this 
purpose, the valves open 
inward in respect to the interior of the cylinder, while in the exhausting 
syringe and air-pump, they open outward. 

382. That the air in the inside of 

vessels is the force which resists and 

counterbalances the great pressure 

of the external atmosphere, may be 

proved by the following experiment : 
A strong glass vessel, Fig. 167, is provided, open 
both at top and bottom, and having a diameter of 
four or five inches. Upon one end is tied a bladder, 
so as to be completely au*-tight, while the other end is 
placed upon the plate of an air-pump. Upon exhaust- 
ing the air from beneath the bladder, it will be forced 
inward by the pressure of the air outside, and when the 
exhaustion has been carried to such an extent that the 
strength of the bladder is less than this pressure, it will 
burst with a loud report. 

What is the ^^^' "^^^ air pump was mvented, m 
experiment of the year 1654, by Otto Guericke, a Ger- 

Hami^phe?^T ^'^^ ^^^ ^* * ^®** P^^^»° exhibition of 
its powers, made in the presence of the 
emperor of Germany, the celebrated experiment known 
as the " Magdeburg Hemispheres," was first shown. The 
Magdeburg Hemispheres, so called from the city where 
Guericke resided, consist of two hollow hemispheres of 

8* 



What is an ex- 
perimental 
proof of the 
crushing force 
of the atmos- 
phere? 



Fig. 167. 




Pio. 168. 
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Fia. 169. 




Fig. 170. 



brass, Fig. 168, which fit together air-tight. By exhausting the air in their 
interior, by means of the air-pump, and a stop-cock arrangement affixed to 
one of the hemispheres, it will be found that they can not be pulled apart 
without the exertion of a very great force, since they will be pressed to- 
gether with a force of 15 pounds for every square inch of their surfece. 
In the exhibition above referred lo, given of these hemispheres by Guericke, 
the sur&ces of a pau* constructed by liim were so large, that thirty horses, 
fifteen upon a side, were unable to pull them apart By admitting the air 
agam to their interior, the Magdebui^g hemispheres M apart by their own . 
weight 

Another interesting example of atmospheric pressure is, 
to fill a wine-glass, or tiunbler with water to the brim, 
and, having placed a card over the mouth, to invert it 
cautiously. If the card be kept in a horizontal position, 
the water will be supported in the glass by the pressure 
of the air against the surface of the card. (See Fig. 169.) 

T^ _.v *v 384. In a like manner, if we take a 

Describe the . , , . «„,.., 

principle and jar, and havmg filled it with water, m- 

Se MsometOT^ ^®^ ^* ^^ * reservoir or trough, as is rep- 
resented in Fig. 1*70, it will continue to be 

completely filled with water, the li- 
quid being sustained in it by the pres- 
sure of the atmosphere upon the water 
in the vessel Such an arrangement 
enables the chemist to collect and pre- 
serve the various gases without admix- 
ture with air ; for if a pipe or tube 
through which a gas is passing be 
depressed beneath the mouth of the 
jar, so that the bubbles may rise into 
it, they will displace the water, and be 
collected in the upper part of the jar, 
fi'ee of all admixture. 

The gasometers, or large cylindrical 
vessels in which gas is collected in 
gas-works for general distribution, are 
constructed on this principle. They 
consist, as is shown in Fig. 171, of a 
large cylindrical reservoir suspended with its mouth downward, and plunged 
in a cistern of water of somewhat greater diameter. A pipe which leads 
from the gas-WOTks is carried through the water, and turned upward, so as to 
enter the mouth of the gasometer. The gas, flowing through the pipe, rises 
into the gasometer, filling the upper part of it and pressing down the water. 
Another pipe, descending from the gasometer through the water, is continued 
to the service pipes, which supply the gas. The gasometer is balanced by 
counter weights supported by chains, which pass over pulleys, and just such 
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a preponderance is allowed U> it as is sufficient to give the gas contained in 
it the compression necessary to drive it through the pipes to the remotest part 
of the district to be illuminated. 

Fia. 171. 




Why win not 
a liquid flow 
from a tight 
cask with only 
one opening ? 



386, A liquid will not flow continuously from a tight cask 
after it has been tapped or pierced, imless another opening 
is made as a vent-hole, in the upper part of the cask. The 
cask being air-tight, with the exception of a single opening 
the surface of the liquid in the vessel will be excluded from 
the atmospheric pressure, and it can only flow out in virtue of its own 
weight But if the weight of the liquid be less than the force of the air press- 
ing upon the mouth of the opening, the Uquid can not flow from the cask ; the 
moment, however, that the air is enabled to act through the vent-hole in the 
upper part of the cask, the pressure below is counterbalanced, and the liquid 
descends and runs freely through the opening by its own weight,. 

If the lid of a tea-pot or kettle be air-tight, the liquid will not flow freely 
fix)m the spout, on account of the atmospheric pressure. This is remedied by 
making a small hole in the lid, which allows the air to enter from without 
The Pneumatic Ink-stand, de- 
signed to prevent the ink from 
thickening, by the exposure of a 
small surface only to the air, is 
constructed upon the principles 
of atmospheric pressure. It consists of a close 
glass vessel, represented in Fig. 172, from the 
bottom of which a short tube proceeeds, the 
depth of which is sufficient for the immersion 
of the pen. By filling the ink-stand in an inclined position, we exclude the 



What is the 
principle and 
construction of 
the Pneumatic 
Ink-stand ? 



Fig. 172. 
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air in great part from the interior, and on replacing it in an upright position, 
the ink will be prevented from rising in the small tube and flowing over, on 
account of the atmospheric pressure upon the exposed surface of the ink in 
the small tube, which is much greater than the pressure of the column of 
liquid in the interior of the vessel As the ink in the small tube is consumed 
by use, its surface will gradually &I1 ; a small bubble of air will enter and 
rise to the top of the bottle, where it will exert an elastic pressure, which 
causes the surface of the ink in the short tube to rise a little higher, and this 
effect will be repeated until all the ink in the bottle has been used. 

386. The peculiar gurgling noise produced when liquid is 
b^e ^gSJgte ^^^y poured from a botUe, is produced by the pressure of the 
when a liquid atmosphere forcing air into the interior of the bottle. In the 
&?St'^it5^ first instance, the neck of the bottle is filled with liquid, so as 

to stop the admis^on of air. When a part has flowed out, 
and an empty space is formed withui the bottle, the atmospheric pressure 
forces in a bubble of air through the liquid in the neck, which by rushiz^ 
suddenly into the mterior of the bottle, produces the sound. The bottle will 
continue to gurgle so long as the neck (^ntinues to be choked with liquid. 
But as the contents of the bottle are discharged, the liquid, in flowing out, 
only partially fills the neck ; and, while a stream passes out through the lower 
half of the neck, a stream of air passes in through the upper part. The flow 
being now continued and uninterrupted, no sound takes place. 

387. Water, and most liquids exposed to the air, absorb a 
^"i^ter ?*** greater or less quantity of it, which is maintained in them by 

the pressure of the atmosphere acting on their sur&ces. 
BoHed water is fiat and insipid, because the agency of heat expels the air 
which the water previously contained. Fishes and other marine animals 
could not live in water deprived of air. 

— . The presence of air in watar may be shown by placing a 

presence of air tumbler containing this liquid under the receiver of anair^ 
feowrT?^ ^ P^™P» *"id exhausting the air. The pressure of the air being 
removed from the sur&ce of the water, minute bubbles will 
make their appearance in the whole mass of the water, and rising to the sur- 
face, escape. 

,^ ^ The reason that certain bottled liquors froth and sparkle 

Why do some 

bottled liquids when uncorked and poured into an open vessel is^ that when 
froth and spar- ^jj^y ^q bottled, the air confined under the cork is condensed, 
and exerts upon the surface a pressure greater than that of 
the atmosphere. This has the effect of holding, in combination with the 
liquor, air or gas^ which, under the atmospheric pressure only, would escape. 
If any air orgas rise from the liquor after being bottled, it causes a still greater 
condensation, and an increased pressure above its sur&ce. When the cork 
is drawn from a bottle containing liquor of this kind, the air fixed in the 
liquid, being released fit)m the pressure of the air which was condensed under 
the cork, instantly makes its escape, and rising in bubbles, produces efferves- 
cence and fix)th. 
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It sometimes happens that the united force of the air and gases thus con« 
fined in the bottle, becomes greater than the cohesive strength of the parti- 
cles of matter composing the bottle; the sides of the bottle in such cases give 
way or burst 

Those liquors only froth which are visdd, glutinous, or thick, like ale, por- 
ter, etc., because they retain the Uttle bubbles of air as they rise ; while a thin 
liquor, like champagne, which suffers the bubbles to escape readily, sparkles. 
H i th ^ "^^® pressure of the atmosphere is connected with the 

pressure of the action of breathing. The air enters the lungs, not because 
SSSlSrt^d with *^®y ^^^ ^* ^ ^"* ^y *^® weight of the atmosphere forcing 
the act of it into the empty spaces formed by the expansion of the air- 
iHreathing? ^^ of the lungs. The air in turn escapes from the lungs by 

means of its elasticity ; the lungs, by muscular action, compress the air con- 
tained in them, and give to it by compression a greater elasticity than the air 
without By this excess of elasticity it is propelled, and escapes by the 
mouth and nose. 

389. It haa been proposed to take advantage of the pressure 
prSjose? con- ^^^® atmosphere for the construction of an atmospheric tele- 
Btructionof the graph, or apparatus for conveying the mails and other matter 
t^i^ph?*^ over great distances with great rapidity. The plan proposed 
is as follows ; — a long metal tube is laid down, the interior 
surface of which is perfectly smooth and even. A piston is fitted to the tube 
in such a manner as to move freely in it and yet be air-tight To one side 
of this piston the matter to be moved, made up in the form of a cylindrical 
bundle, is attached. A partial vacuum is then made in the tube before the 
piston, by means of large air-pumps, worked by steam-power, located at the 
further end of the tube, when the pressure of the atmosphere on the other 
side of the piston impels it forward through the whole length of the exhausted 
tube. It has been estimated that a piston, drawing alter it a considerable 
weight of matter, could in this way be forced through a tube at the rate of 
600 miles per hour. 

390. The pressure oif the atmosphere is taken advantage of in the con- 
struction of a great variety of machines for raising water ; the most important 
and familiar of which is the common, or suction pump. 

Deucribe the The common, or suction pump, consists 

thr'^wmmon ^^ ^ hoUow Cylinder, or barrel, open at both 
pump. ends, in which is worked a movable piston, 

which fits the bore of the cylinder exactly, and is air-tight. 
The pump is further provided with two valves, one of 
which is placed in the piston, and moves with it, while 
the other is fixed in the lower part of the pump-barrel. 
These valves are termed boxes. 

Fig. 173 represents the construction of the common pump. The body con- 
sists of a cylinder, or barrel, &, the lower part of which, called the suction- 
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pipe, descends into the water which it is designed to Fia. 173. 

raise. In the barrel works a piston containing a valve, 

Pj opening upward. A similar valve, ^, is fixed in the 

boay of the pump, at the top of the suction-pipe. S is 

a spout fi-om which the water raised by the working of 

the piston is discharged. 

The operation of the pump in raising water is as fol- 
lows ; — when the piston is raised from the bottom of the 
cylinder, the air above it is drawn up, leaving a vacuum 
below the piston ; the water in the well then rushes up 
through the valve g^ and fills the cylinder ; the piston is 
then forced down, shutting the valve, g, and causing the 
water to rise through the piston-valve, p ; the piston is 
then raised, closing its valve, and raising the water 
above it, which flows out of the spout, S. 

,^ , 891. Water rises in a pump 

Why does , . , i , 

water rise In a simplv and entirely by the 

common puiup ? *■ '' /» i ' i 

pressure of the atmosphere 
(15 pounds on every square inch), which 
pushes it up into the void, or vacuum left by the up- 
drawn piston. 

To what height 392. The common, or suction pump, can 
iTuhrcommo'S ^^^ rais® water beyond the point -of height at 
pump? which the column of water in the pump tube 

is exactly balanced by the weight of the atmosphere. The 
utmost limit of this does not exceed 34 feet. 

The height to which water is thus forced up in a pump is simply a question 
of balance ; 15 pounds' pressure of the atmosphere can support only 15 pounds* 
weight of water ; and a column of water, one inch square and 34 feet high, 
will weigh 15 pounds. As the pressure of the atmosphere is subject to va- 
riationsv and as the mechanism of the pump is never absolutely perfect, the 
length of the pipe through which water is to be elevated ought never to 
exceed m practice 30 feet above the level of the water in the well, or reser- 
voir. 

393. A valve, in general, is a contrivance by 
which water or other fluid, flowing through a 
tube or aperture, is allowed free passage in one direction, 
but is stopped in the other. Its structure is such, that, 
while the pressure of fluid on one side has a tendency to 
close it, the pressure on the other side has a tendency to 
open it. 



What is 
Valve? 
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Figs. 174, 175, and 176, represent the various forms of ralves used in 
pumps, water-engines, etc. 

Fig. 174. Fig. 175. Fir,. 176. 

''11 





Fig. 177. 



394. When it is desired to raise water to a greater height than 34 feet, a 
modification of the pump, called the forcing-pump, is employed. 

What \B a The Forcing-Pump is an apparatus which 
Forcing.pamp? jajgeg watCF froui a rcservoir, on the principle of 
the suction-pump, and then, by the pressure of the piston 
on the water, elevates it to any required height. 

Fig. 177 represents the principle of the construction 
of the forcing-pump. There is no valve in the pis- 
ton c (Fig. 177), but the water raised through the suc- 
tion-pipe a, and the valve gr, by the elevation of the 
piston, is forced by each depression of the piston Up 
through the pipe e c, which is furnished with a valve to 
prevent the return of the liquid. 

The forcing-pump, as constructed in Fig. 177, ejects 
the water only at each stroke of the piston, m the 
manner of a syringe. When it is desired to make the 
flow of the water continuous 
as in a fire-engine, an air, 
chamber is added to the 
force-pump, as is represented 
at A, Fig. 178. The water 
then, instead of immediately 
passing off through the discharging-pipe, partially 
fills the air vessel, and by the action of the piston 
in tlie pump, compresses the air contained in it. 
Th9 elasticity of the air, thus compressed, being in- 
creased, it reacts upon the water, and forces its ascent 
la the discharge, or force-pipe. When the air in the 
chamber is condensed into half its original bulk, it 
will act upon the surface of the water with double 
the atmospheric pressure, while the water in the 
force-pipe, being subject to only one atmospheric 
pressure, there will be an unrestricted force, press- 
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ing the water up, equal to one atmosphere: oonsequentlj, a column of water 
will be sustained, or projected to a height of 34 feet. When the air is con« 
densed into one third of its bulk, its elastic force will be increased three- 
fold, and it will then not onlj counterbalance the ordinary atmospheric 
pressure, but will force the water upward with a pressure equal to two at- 
mospheres, or 64 feet, and so on. The ordinary fire-engine is simply a conve- 
nient arrangement of two forcing-pumps, furnished with a strong air-chamber, 
and which are worked successively by the elevation and depression of two 
long levers called brakes. 

What is a 895. The Syphon is an apparatus by which 
Byphon? j^ liquid can be transferred from one vessel to 
another without inverting, or otherwise disturbing the 
position of the vessel from which the liquid is to be re- 
moved. 

In its simplest form, the syphon consists of a bent 
tube, ABC, Fig. 179, having one of its branches 
longer than the other. If we immerse the short arm 
in a vessel of water, and by applying the mouth to 
the long arm, as at C, exhaust the air in the tube, 
the water will be pressed over by atmospheric pres- 
sm«, and continue to flow so long as the end of the 
lower arm is below the level of the water in the vessel 
wj , . The action of the sjrphon is readily 

principle does explained: the column of liquid in 
theByphonact? ^j^^ ^^^^^ g^^ ^^^ tl^g^|. reachmg m 

the shorter arm firom the top of the curve or bend to the surface of the liquid 
i 1 the vessel, have both a tendency to obey the attraction of gravity and fell 
o U of the tube. This tendency is opposed, however, on both sides, by 
atmospheric pressure, acting on one side at the opening C, and upon the 
other upon the surface of the liquid in the vessel, thus preventing, in the 
interior of the tube, the formation of a vacuum, which would take place at 
the curve, if the two columns ran down on both sides. But the column 
on one side being longer than upon the other, the weight of the long 
column overbalances the short one, and determines the direction of the 
flow; and in proportion as the liquid escapes from the long arm, a fresh 
portion is forced into the short arm on the other side by the pressure of 
the air. The syphon is, therefore, kept full by the pressure of the atmos- 
phere, and kept running by the irregularity of the lengths of the columns in 
its branchea 

A suction-tube is sometimes attached to the syphon to make it more use- 
ful and efficient, as is represented in Fig. 180. By this means we may fill 
the whole syphon without the liquid entering the mouth, by sucking at 
the end of the suction-tube, and .temporarily closing the end of the longer 
arm. 

In order that the discharge of a liquid by means of the syphon should be 
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perfectly constant, it is nee- Fio. 180. 
esaary that the difference 
of lengths of the columns of 
liquid in both branches 
should be immovable. 
This may be effected by 
con^)^ting the syphon with 
a float and pulley, as is 
represented in Fig. 181. 

_ , , ^, The curi- 

Ezplain the 

phenomenon OUS pheno- 

of intermitting menon of 

springs. 

intermitting' 

springs may be explained 
upon the principle of the 
syphon. These springs run 
for a time and then stop 
altogether, and after a time 
run agam, and then stop. 
If we suppose a reservoir 
in the interior of a hill or 
mountain, with a syphon- 
like .channel running from it, as 
in Fig. 182, then as soon as the 
water collecting in the reservoir 
rises to the height shown by the 
dotted, line, the stream will be- 
gin to flow, and continue flow- 
ing till the reservoir is nearly 
emptied. Again, after an in- 
terval long enough to fill the 
reservoir to the required height^ 
it will again flow, and so on. 

When will a 396. If a 

body remain 

suspended 



Fig. 181. 
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the air? 



in 



solid substance have the same 
density as atmospheric air, it will, when im- 
mersed in air, lose its entire weight, and will 

remain suspended in it in any position in which it may 

be placed. 

When inn a ^97. If B. soUd body, bulk for bulk, be lighter 

titolir'?^ ^ ^^^^ atmospheric air, it is pressed upward by 
the surrounding particles of air, and rises, upon 

the same principle as a cork rilses from the bottom of a 

vessel of water, (See § 85.) 
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As the density of the air continaally diminishes as we 
wiUan*a8Siid- ascend from the surfece of the earth, it is evident that such 
ing body re- a bodj, as it goes up, will finally attain a height where the air 
t^ry ? ' will have the same density as itself and at such a point the 

body vdll remain stationary. Upon this principle clouds, at 
different times, float at different degrees of elevation. 

It is also upon these principles that aerostation, or the art of navigating the 
air, depends. 

What are Bai- 398. BallooDs are machines which ascend 
loons? through the atmosphere, and float at a certain 
height, in virtue of being filled with a gas or air lighter 
than the same bulk of atmospheric air. 
What are the Balloous are of two kinds. Montgolfier, 
of baikS2l?^ or rarefied air balloons, and Hydkogen gas 
balloons. The first are filled with common 
air rarefied by heat, and thus made lighter than the 
surrounding atmosphere ; while the second are filled 
with hydrogen, a gas about fourteen times lighter than 
air. 

Describe the '^^ rarefied air-balloon was invented by Montgolfier, a 
Montgoifier, or French gentleman, in 1782, who first filled a paper bag with 
loonf^*^^^* heated air, and allowed it to pass up a chimney. He after- 
ward constructed balloons of silk, of a spherical shape, with 
an aperture fonned in the lower surface. Beneath this opening a light wire 
basket was suspended, containing burning materiaL The hot air arismg from 
the burning substances, enters the aperture, and rendering the balloon specific- 
ally lighter than the air, causes it to ascend with considerable velocity. 
Small balloons of a similar character are frequently made at the present day 
of paper, the air within them being rarefied by means of a sponge soaked in 
alcohol, suspended by a wire beneath the mouth, and ignited. 
Describe the ^^® hydrogen gas balloon consists of a Hght sOken bag, 
hydrogen gas filled either with hydrogen, or common illuminating gas. The 
bAUoon. difference between the specific weight of either of these gases 

and common air is so great, that a large baUoon filled with them possesses 
ascensional power sufficient to rise to great heights, carrymg with it consid- 
erable additional weight. The aeronaut can descend by allowing the gas to 
escape by means of a valve, thereby diminishing the bulk of the balloon. To 
enable him to rise again, baUast is provided, generally consisting of bags of 
sand, by throwing out which, the balloon is lightened, and accordingly 
rises. 

By means of one of these machines Gay Lussac, an eminent French chem- 
ist, ascended in 1804, for the purpose of making meteorological observations, 
to the great height of 23,000 feet. 
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Dotheiaimof 399- -^^^ obeys the laws of motion which 

motioii 
to air? 



motion apply q^^q common to all Other material and ponder- 



able substaDces. 
Hoiristhemo- 400. The momcntum of air, or the amount 
SiSSSted^?*^ of force which it is capable of exerting upon 
bodies opposed to it, is estimated in the same 
way as in the case of solids, viz., by multiplying its weight 
by its velocity. 

What are oinB- '^^^ momentum of air is usefully employed as a mechanioal 
trations of the agent in impaitlDg motion to wind-mills and to ships. Its 
momentum of j^^gj striking effects are seen in the force of wind, which oc- 
casionally, in hurricanes and tornadoes, acts with fearful 
power, prostrating trees and buildings. Such results are caused by the mo- 
mentum of the air being greater than the force by which a building, or a tree 
is listened to the earth. 

, ^ 401. Any force acting suddenly upon the air from a center, 

What causes . •; ° ^ i. x-r i •« 

the rings of imparts to it a rotary movement. A very beautiiul illustra- 

smoke^observ- ^j^j^ ^f ^j^ ^ gggjj jjj ^j^q ^^^ ^f smoke which are produced 

and in the dis- by the mouth of a skilful tobacco-smoker, and frequently also 
no"?^ °^ *^*"" upon a much larger scale by the discharge of cannon, on a 

still day. In these cases a portion 
of air acted upon suddenly fix)m a center is caused ^^^' ^°^* 

to rotate, and the particles of smoke render the mo- ^^^rv^T^lf (^[^^S-c 
tion visible. The whole circumference of each (^^ ^ -^^ 

circle is in a state of rapid rotation, as is shown by ^SJx^fly^f!^^^ 
the arrows in Fig. 183. The rapid rotation in ^A^ 

short, confines the smoke within the narrow limits of a circle, and causes the 
rings to be well defined. 

PRACTICAL PROBLEMS IN PNEUMATICS. 

L If 100 cubic inches of air weigh 31 grains, what will he the weight of one cubic foot? 

2. If the pressure of the atmosphere be 15 pounds upon a square inch, what pressure 
will the body of an animal sustain, whose superficial surface is forty square feet ? ^fof "t <, 

3. When the elevation of the mercury in the barometer is 28 inches, what will be the 
height of a column of water supported by the pressure of the atmosphere 7 

Solution: Column of mercury supported by the atmosphere — 28 inches. Mercury 
beint; 13^^ times heavier than water, the column of water supported by the atmosphere * 
13^x28=31 feet. 

4. When the elevation of the mercury in the barometer is 30 inches,- what will be the 
height of a column of water supported by the atmosphere? K^^y,. ' 

5. To what height may water be raised by a common pump, at ar place where the ba- 
rometer stands at 24 inches ? 

6. If a cubic inch of air weipjhs .30 of a grain, what weight of air will a vessel whose 
capacity is 60 cubic inches, contain ? 



CHAPTER XI. 

ACOUSTIC& 

_^ ^ ^ ^ 402. Acoustics is that department of phys- 

What is the . 1 . i • i ^ n ^ Z 

science of ical scieDce wnich treats ot the nature, phe- 
^ nomena, and laws of sound. It also includes 

the theory of musical concord or harmony. 
«rv ., « .. ^^^' Sound is the sensation produced on the 

WhatisSoond? /• i • , , 

organs ot heanng, when any sudden shock or 
impulse, causing vibrations, is given to the air, or any 
other body, which is in contact, directly or indirectly, with 
the ear. 

underwhatcir- 404. When au elastic body is disturbed at 
?iZto?ymo.ve. ^^J poiut, its particlcs execute a series of vi- 
ments arise r bratory movcmeuts, and gradually return to a 
position of rest. 

Thus when a glass tumbler is struck by a hard body, a tremulous agitation 
is transmitted to its entire mass, which movement gradually dimini^es in 
force until it finally ceases. Such movements in matter are termed vibra- 
tions, and when communicated to the ear produce a sensation of sound. 

The nature of these vibratory movements may be illustrated by noticing 
the visible motions which occur on striking or twitching a tightly extended 
cord, or wire. Suppose such a cord, repre- -pja 184 

sented by the central line in Fig. 184 to be 
forcibly drawn out to A, and let go; it 
would immediately recover its original posi- 
tion by virtue of its elasticity ; but when it 
reached the central point, it would have ac- 
quired so much momentum as would cause 
it to pass onward to o; thence it would vi- 
brate back in the same manner to B, and back again to b, the extent of its 
vibration being gradually diminished by the resistance of the air, so that it 
would at length return to a state of rest 

Describe the In vibratory movements of this kind all the separate par- 
nature of ft sta- ticigg QQ^Q JjjIjq motion at the same time, simultaneously pass 
tion, the point of equilibrium, or rest, simultaneously reach the 

maximum of their vibration, and simultaneously begin their retrograde mo- 
tion. Such vibrations are therefore called stationary, or fixed vibrationa 
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Describe the 
nature of a 
progressive yi- 
bration. 



Hoir may the 
Bound-vibra* 
tions in solid 
bodies be ren- 
dered visible t 



J£, however, die motions of the yibratmg body are of such a 
character that the agitation proceeds from one particle to an- 
other, 80 that each makes the same yibration, or oscillation, 
as the preceding one, with the sole exception of the motion 
beginning later, we have what is called progressive vibrations. Thus if we 
£isten a cord at one end, and move the other end up and down, a wave, or 
progressive vibration, is produced. 

As the clearest conception can be formed of vibrations by comparing them 
to the waves produced by throwing a stone into smooth water, the term un- 
dulatory, or wave movement, has been adopted in general to express the 
phenomena of vibrationa 

405. Daily experience teaches us that almost every motion of bodies in our 
vicinity is accompanied by a noise perceptible to our ears. All such sounds 
are the result of the vibrations of a portion of matter, and the nature of the tone, 
or sound, depends only on the manner in which these vibrations originate. 

406. Sound-vibrations in solid bodies may be rendered vis- 
ible by many simple contrivances If we attach a ball by 
means of a string to a bell, and strike the bell, the ball will 
vibrate so long as the bell continues to sound. When a bell 
is sounding, also, the tremulous motion of its particles may be 
perceived by gently touching it with the finger. If the finger is pressed 
firmly against the bell, the sound is stopped, because the vibrations are in- 
terrupted. When sounds are produced by drawing the wet finger around the 
edge of a glass containing water, waves will be seen undulating from the sides 
toward the center of the glass. 

When a tuning-fork is struck and made to sound, its vibrations Fio. 16& 
are clearly visible, both branches alternately approaching and re- 
rcceding firom each other, as is represented in Fig. 185. 

If we strike a tuning-fork, and then touch the surface of mercury 
with one of its extremities, the surface of the mercury will exhibit 
little imdulations or wavea 

„ .. The most interesting method of exhibiting the 

Uoir are tne , . ,.•, n ■, iii 

so-called acous- character of sound is by means of the so-called 

duced?'^** ^^' " ^o^stic figures," which may be produced m the 
following manner: — Sprinkle some fine sand over a 
square or round piece of thin glass or metal, and holding the plate 
firmly by means of a pair of pincers, draw a violin bow down the edge ; the 
sand is put in motion, and finally arranges itself along those parts of the surface 

which have the least vi- 
FiG. 186. bratoiy motion. By chang- 

ing the point by which 
the plate is 'held, or by 
varying the parts to which 
the violin bow is applied, 
the sand may be made to 
assume various interesting figures, as is represented in Fig. 186. 
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What Is the 



407. Air is the usual medinm through which 

wiia« IB lae , . 

QBoai mediam sound IS conveved to the ear. The vibratmoj 

through which , , . "^ , . . . , . *^ 

sound is proi»- body imparts to the air in contact with it an 
^ undulatory, or wave-like movement, which, 

propagating itself in every direction, reaches the ear, and 
produces the sensation of sound. 

What are son- 408. Vibrating bodies which are capable of 
^oroushodies? ^j^^g imparting undulations to the air, are 
termed sounding, or sonorous bodies. 

The aerial vibrations, or undulations thus caused, propagate themselves 
from the center of disturbance in concentric circles, in the same way that 
waves spread out upon the smooth surface of water. If such waves of water, 
propagated from a center, encounter anj obstruction, as.a floating body, they 
will bend their course round the sides of the obstacle, and spread out obliquely 
beyond it So the undulations of air, if interrupted in their progress by a 
high wall or other similar impediment^ wiU be continued over its summit and 
propagated on the opposite aide of it 

In a sound-wave or undulation of the air, as in a wave of water, there is 
no permanent change of place among the particles, but simply an agitation, 
or tremor, communicating from one particle to another, so that each particle, 
like a pendulum which has been made to oscillate, recovers at length its 
original position. 

This motion may be best illustrated by comparing it to the motion pro- 
duced by the wind in a field of grain. The grassy waves travel visibly over 
the field in the dfrection in which the wind blows; but this appearance of 
an object moving is only delusive. The only real motion is that of the heads 
of the grain, each of which goes and returns as the stalk stoops or recovers 
itself This motion afifects successively a line of ears in the direction of the 
wind, and affects simultaneously all the ears of which the elevation or de- 
pression forms One visible wave. The elevations and depressions are propa- 
gated in a constant direction, while the parts with which the space is filled 
only vibrate to and fro. Of ezactiy such a nature is the propagation of sound 
through air. 

Under what ^^^' ^^ °^ substauce intervenes between the 
Bh?uid*weX '^il^^^^i^^g ^odj and the organs of hearing, no 
unable to hear • scnsation of souud cau be produced. 

a sound 7 -'- 

This is readily proved by placmg a bell, rung by the action 
of clock-work, beneath the receiver of an air-pump, and exhausting the air. 
Ko sound will then be heard, although the striking of the tongue upon the 
bell, and the vibration of the bell its^, are visible. Now, if a littie air be 
admitted into the receiver, a faint sound will begin to be heard, and this 
sound will become gradually louder in proportion as the air is gradually read- 
mitted, until the air within tbo reoeiyer is in the same oondition as that without 
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Soand, therefore, caimot be propagated through a yacuum. 

"The loudest sound on earth, therefore, cannot penetrate beyond the 
limits of our atmosphere ; and in the same manner, not the &intest sound 
can reach our earth from any of the other planets. Thus the most fearful 
explosions might take place in the moon, without our hearing anything of 
them." 

How does the ^lO. The powcr of air to transmit souad 
^uT*ta'*'li^ vfl'^es with its uniformity, its density, and its 
Tury? humidity. 

Whatever tends to agitate or disturb the condition of the atmosphere, affects 
the transmission of sounds. When a strong wind blows from the hearer to- 
ward a sounding body, a sound often ceases to be heard which would be 
audible in a calm. Falling rain, or snow, interferes with the undulations of 
sound-waves, and obstructs the transmission of sound. 

The fact that we hear sounds with greater distinctness by 
heaJ ^TOunds T^S^^ than by day, may be, in part, accounted for by the cir- 
more distinctly cumstance, that the different layers or strata of the atmosphere 
by day?* ^^ ^^^s liable to variations in density and to currents, caused 

by changes of temperature, at night than by day. The air at 
night is also more still, from the suspension of business and hum of men. 
Many sounds become perceptible during the night, which during the day are 
completely stifled, before they reach the ear, by the din and discordant noises 
of labor, business, and pleasure. 

Sound of any kind is transmitted to a greater distance in cold and clear 
weather than in warm weather, the density of air being increased by cold 
and diminshed by heat. 

On the top of high mountains, where the air is greatly rare- 
hi^ationB of ^®^' *^® sound of the human voice can be heard for a short 
the variation distance only ; and on the top of Mont Blanc, the explosion 
^^ sound in ^^ ^ pistol appears no louder than that of a small cracker. 
When persons descend to any considerable depth in a diving- 
bell, the air around them is compressed by the weight of a considerable column 
of water above them. In such circumstances, a whisper is almost as loud as a 
shout in the open air; and when one speaks with ordinary force it produces 
an effect so loud aa to be painful 

Is air neces- 411. Air is not necessary to. the production 
JJoduction * of ^f sound, although most sounds are transmitted 
• ^''''^^ by its vibrations. Sound can be produced un- 

der water, and all bodies are more or less fitted, not only 
to produce, but also to transmit sounds. 
whatsubstan- 412. Souud is communicatcd more rapidly 
Ste*^™SSd a^d °i<>re distinctly through solid bodies than 
mostreaduy? ' through either liquids or gases. It is trans- 
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mitted by water near four times more rapidly than by air, 
and by solids about twice as rapidly as by water. 

If we strike two stones together under water, the sound will be as loud as 
if they had been struck in the air. 

When a stick is held between the teeth at one extremity, and the other is 
placed in contact with a table, the scratch of a pin on the table may be heard 
with great distinctness, though both ears be stopped. 

The earth often conducts sound, so as to render it sendble to the ear, when 
the air &ils to do so. It is well known that the approach of a troop of horse 
can be heard at a distance by putting the ear to the g^und, and savages 
practice this method of ascertaining tlie approach of persons from a great dis- 
tance. 

The principle that solids transmit sounds more perfectly than air, has been 
applied to the construction of an instrument called the " stethoscope." 
D rib« th« '^^^ stethoscope consists of a hollow cylinder of wood, some- 
Btethosoope. what resembling in form a small trumpet The wide mouth 
is appUed firmly to the breast, and the other is held to the ear 
of the medical examiner, who is thus enabled to hear distinctly the action of 
the organs of respiration, and judge whether they are in a healthy condition, 
or the reverse. 

How ia the in- 413. Sound dccreases in intensity from the 
iffecte/brSS? center where it originates, according to the 
**°^' same law by which the attraction of gravita- 

tion varies, viz., inversely as the square of the distance. 
That is to say, at double the distance it is only one fourth 
part as strong ; at three times the distance, one ninth, and 
BO on. 

This law applies with its full force only when no opposing currents of air, 
or other obstacles, interfere with the wave movements, or undulations. By 
confining the sound undulations in tubes, which prevent their spreading, the 
force of sound diminishes much less rapidly. It will, therefore, under such 
circumstances, extend to much greater distances. This principle is taken ad- . 
vantage of in the construction of speaking-trumpets. 

Sounds can generally be heard, especially on a calm day, at 
heard*more"dUk * greater distance upon water than upon land. The plane 
tinctiy upon surface of water, as a smooth wall, prevents the lateral spread- 
land ? ^S ^>^^ dispersion of the sound-waves, although on only one 
side. The air over water, owing to the presence of moist- 
ure, is also generally more dense, and the density more uniform than 
over the land. Water, in addition, is a better conductor of sound than 
tlie earth. 

The transmission of sound fix)m one apartment to another may be prevented 
by filling up the spaces between the partition walls with shavings, or any 
porous substances. The number of media tlirough which the Bound must 
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pass IS thus greatly increased, and eveiy change of medium diminishes the 
strength of sound-waves. 

,^ , 414. The velocity of the sound undulations 

eras the veioc- IS uniform, passiuff over equal intervals in 

Hy of Bound? ^ . ' ^ ^ ^ 

equal times. 

The softest whisper, therefore, flies as fast as the loudest thunder. 

With what TO- 415. Sounds of every kind travel, when the 
M^te^df temperature is at 62** Fahrenheit's thermom- 
eter, at a rate of 1,120 feet per second, or 
about 13 miles per minute, or 765 miles per hour. The 
velocity of sound increases or diminishes at the rate of 18 
inches for every variation of a degree in temperature above 
or below the temperature of 62° Fahrenheit. 

^, , . When a gun is fired at some distance, we see the flash a 

wny dove see ° 

the flash of a considerable time before we hear the report, for the reason 

hSrSe^/^OTt? *^^ ^^^* travels much fester than soimd. Light would go 
round the earth 480 times while sound was traveling 13 mile& 

A knowledge of these drcumstances is taken advantage of for the measure- 
ment of distances. 

How may a Thus, suppose a flash of lightning to be perceived, and on 
^e vefo Jtv^ of co^^*i^& the seconds that elapse before the thunder is heard, 
sound be ap- we find them to amount to 20 ; then as sound moves 1,120 
mirareLeit* feet in a second, it will foUow that the thunder-doud must be 
of difltoncesf distant 1,120X20=22,400 feet 

When a long column of soldiers are marching to a measure beaten on the 
drums which precede them, we may observe an undulatory motion transnut- 
ted from the drummers through the whole column, those in the rear stepping 
a little later than those which precede them. The reason of this is, that each 
rank steps, not when the sound is actually made, but when in its progress 
down the column at the rate of 1,120 feet in a second of time, it reaches their 
ears. Those who are near the music hear it first, while those at the end of 
the column must wait until it has traveled to their ears at the above rate. 
Explain the ^16. If two waves of water, advancing fix)m opposite direc- 

phenomena of ^Q^^a meet in sudi a way that their points of elevation oom- 
the interference ., ^ i. j , , 1. i. . . ^ ^ xi. • i -n v-. 

of sound. cide, a wave of double the height of the smgle one will be 

formed at the point of interception ; or if two wave depressions on the sup- 
fece of water meet, a depresaon of double depth will be produced. I^ how- 
ever, the two waves come into contact in such a manner that an elevation of 
one wave coincides with the depression of another, both will be destroyed. 
Such a result is termed an Interference of waves. In the same manner when 
two series of sound undulations, propagated fix>m different sounding bodies, 
intersect each other, a like phenomena of interference is produced — the two 
undulations destroy each other, and silence is produced. 
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Let a b and c d, Fig. 187, rep resent two se* 

lies of sound undulatioDS, advancing in such 
a manner as to cause the elevation of one at e 
to correspond with the depression of the other 
at /; then if both are equal in intensity, they 
will neutralize each other, and an instant of si- 
lence will be produced. This feet may be very 
prettily illustrated by holding a common tuning- 
fork, after it has been put in vibration, over the 
mouth of a cylindrical glass vessel, as A, Fig. 188. The air contained within 




Fig. 188. 




the vessel will assume sonorous vibrations, and' a 
tone will be produced. If now a second glass 
cylinder be held in the position B, at right angles 
to A, the musical tone previously heard will cease ; 
but if either cylinder be removed, the sound will 
be renewed again in the oth^. In this curious 
experiment, the silenoe arises from the interference 
of the two sounds. 
Another example of this phenomena may be 
]irodaoed by the tuning-foric alone. If this instrument, after being put into vi- 
bration, be held at a great distance from the ear, and slowly turned round its 
axis, a position of the two branches will be found at which the sound will 
become inaudible. This position will correspond to the points of interference 
of the two systems of undulations propagated from the two branches, or 
prongs of the fork. 

uponwhatdoes 417. The loudness of a sound, or its degree 
^""^^^"dl of intensity, depends on the force with which 
J*°^' the vibrations of a sounding body are made. 



SECTION I. 



MUSICAL SOUNDS. 

418. AH vibrations of sonorous bodies which 
are uniform, regular, and sufficiently rapid, 

produce agreeable, or musical sounds. 

419. What constitutes the particular differ- 
ence between a noise and a musical sound is 
not certainly known. A noise, however, ia 

supposed to be occasioned by impulses communicated ir- 
regularly to the ear ; but in a musical sound the vibra- 
tions of the sonorous body, and consequently the undula- 
*inTia nf the air, must be all exactlv similar in duration 



What are mn- 
tlcal loundB ? 



What Is the dif- 
ference between 
a mnsical sonnd 
and a noise? 
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and intensity, and must recur after exactly equal inter- 
vals of time. 

What is meant ^20. If the souud impulscs be repeated at 
^ftcMnlJuiidV ^^U short intervals, the ear is unable to at- 
tend to them individually, but hears them as 
a continued sound, which is uniform, or has what is called 
a tone or pitch, if the impulses be similar and at equal 
intervals. 

,^ , . 421. The nature of musical sounds, and indeed of all sounds, 

Wliat expen- , .„ . , , , ^„ . . -r« , 

ment illustratea may be illustrated by the foUowmg expenment : If we take 

the °^i'e of a a thin elastic plate of metal, a few inches in length, firmly 

fixed at one end, and firee at the other, and cause it to 

vibrate, it will be foimd to emit a clear, musical sound, having a certain 

tone. 

If the plate be gradually lengthened, it yields tones, or notes, of different 

characters, until fimaJly the vibrations become so slow that the eye can follow 

them without difficulty, and all sound ceases. 

„^ . 422. When the impulses, or vibrations, are few in number 

When is a tone . . ^ ^u ^ • -j ^ v y, ^^. 

grave or sharp? m a given time, the tone is said to be grave ; when they are 

many, the tone is said to be sharp. Musical sounds are spoken 
of as notes, or as high and low. Of two notes, the higher is that which arises 
firom more rapid, and the lower fi-om slower vibrations. 

Beside this, sounds differ in their quality. The same musical note, pro* 
duced with the same degree of loudness, and by the same number of vibra- 
tions in the flute, the clarionet, the piano, and the human voice, is in each 
histance peculiar and wholly different. Why this is we are unable to say. 
The French call this property, by which one sound is distinguished fi*om an- 
other, the timbre. 

To produce any sound whatever it is necessary that a cer- 
llmit to the tain number of vibrations should be made in a certain time. 
Srationsreairt- ^*^® number produced in a second falls below a certain rate, 
Bite to produce no sound sensation will be made upon the ear. It is believed 
■**"" that the ear can distinguish a sound caused by fifteen vibrar 

tions in a second, and can also continue to hear though the number reaches 
48,000 per second. Trained and sensitive ears are said to be able to exceed 
these limits. 

When are two 423. Two musical uotes are said to be in 
£"Sinr*®' unison when the vibrations which cause them 

are performed in equal times. 
What is an 424. Whcu ouc uotc makcs twice the numbct 

octave f 

of vibrations in a given time that another makes, 
it is said to be its octave. The relation, or interval which 
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exists between two sounds, is the proportion between 
their respective numbers of vibrations. 
What is a 425. A combination of harmonious sounds 

thord, etc.? jg termed a musical chord; a succession of har- 
monious notes, a melody; and a succession of chords, har- 
mony. 

A melody can be performed^ or executed \>y a single voice ; a harmony 
requires two or more voices at the same time. 

Define ooQoord 426. Whcu two toucs, or uotes, soundcd to- 
and discord. gethcr producc an agreeable effect on the ear, 
their combination is called a musical concord ; when the 
effect is disagreeable, it is called a discord. 

ExDiai h t ^^*^' S"PP*^^ ^® ^^® * stretched string, as a wire or a 
U meant by the piece of catgut, such as is used for stringed instruments: now 
of muJaic!'"^* the number of vibrations which such a cord will make in a 
given time, are inversely as its length ; that is, if the whole 
cord makes a given number of vibrations in one second, as 100, on shortening 
it one half it will make twice as many, or 200, and this will yield a note ex- 
actly an octave higher than the former one. If we reduce its length three- 
fourths, it will make four times as many vibrations as at first, and yield a 
note two octaves higher. 

Suppose the stretched string, or wire, to be 32 inches in length. When 
tibis is struck it will vibrate a certain number of times in a second, and give 
what is called a key-nota Reduce the string one hal^ and we have the oc- 
tave of that note. But between the key-note and its octave there is a natu- 
ral gradation by intervsJs in the pitch G[ the tone, which heard in succession 
are harmonious, the octave, as its name implies, being the eighth pitch of 
tone, or ^hth successive note ascending from the key-note. 

These eight notes, or intervals in the pitch of tone between the key-note 
and its octave, constitute what is called the gamut, or diatonic scale of muaic^ 
because they are the steps by which the tone naturally ascends from any note 
to the corresponding tone above, produced by vibrations twice as rapid. 
These several notes are distmguished both by letters and names. They are : 
0, D, E, F, G, A, B, 0; 
Oi^-do, re, me, &, sol, la^ si, do. 
„ ^ They may also be distinguished by numbers indicating the 

notes of the length of the strings and the number of vibrations required 
scale indicated? ^ produce them. Thus, the length of the string producmg 
the primary, or key-note, being 32 inches, the lengths of the strings to produce 
the tones in the entire scale are— 

32, 30, 27, 24, 21, 20, 18, 16; 
or, supposing that whatever be the number of vibrations per second necessary 
to produce the first note ix^ the gc^e, 0, we agree to represent it by uni^, 
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or 1 ; then the numbers necessary to produce the other seven notes of the 
octave will be as follows: 

Name of note 0, D, E, F, G, A, B, 0. 

Number of vibrations . 1, f , |, |, -|, |, y , 2. 

However far this musical scale may be extended, it will still be found but 

a repetition of similar octaves. The vibrations of a column of air in a pipe 

may be regarded as obeying the same general laws ; notes are naturally higher 

in proportion to the shortness of the pipes. ' ^ ■ 

^ ^^ The same note produced on any musical instruinent is due 

l3 the same , ,/..,. , «,, 

note in any in- to the same number of vibrations per second. Thus, a note 

duced^ln ^Se P^o^^uced by a string of a piano vibrating 256 times in a sec- 
same manner? ond, is also produced m the flute by a column of air vibrat- 
ing the same number of times in a second, and also in the hu- 
man voice by two chords contained in the upper part of the wind-pipe, also 
vibrating the same number of times in a second. 

It has been already stated that the number of vibrations of a cord are in- 
versely as its length ; the number also increases as the square root of the 
force which stretches it. Thus an octave is given by the same length of string 
when stretched four times as strongly. 



SECTION II. 

BEPLEOTION OF SOUND. 

,^ , . , 428. When waves of sound strike against 

What Is meant n t e t « i 

by the reflec- anv fixed surface tolerably smooth, they are 

tion of souud ? .«; _ , ,/., /., 

reflected, or rebound from that surface, and 
the angle of reflection is equal to the angle of incidence. 

Tliis law governing the reflection of sound is the same as that which gov- 
erns the reflection of all elastic bodies, and also, as will be shown hereafter, 
the imponderable agents, heat and light. 

What is an ^29. An EcHO is a repetition of sound caused 
Echo? i^y ^ijg reflection of the sound waves, or undu- 

lations, from a surface fitted for the purpose, as the side 
of a house, a wall, hill, etc. ; the sound, after its first pro- 
duction, returning to the ear at distinct intervals of time. 

Thus if a body placed at a certain distance from a hearer produces a sound, 
this sound wouM be heard first by means of the sonorous undulations which 
produced it, proceeding directly and uninterruptedly from the sonorous body 
to the hearer, and afterward by sonorous undulations which, after striking on 
reflecting surfaces, return to the ear. These last constitute an echo. 

In order to produce an echo, it is requisite that the reflecting body should 
be situated at. such a distance from the source of sound, that the interval be- 
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tween the peroeptioa of the original and reflocted aounds may be soffident to 
preheat them from being bieudcd toother. 

Wuea Xh\i original and reiltx;ted souud^ are blended together, the effect 
produced is called a resonance, and nut an echo. 

Thus, the wails of a room of ordinary size do not produce an echo, because 
the reilectin^ surlaje is so near tlie source of sound mat the echo is blended 
with the ori^ual sound ; and the two produce but one impression on the ear. 

Large halls, spacious churches, etc, on the contrary, often reverberate or re- 
peat the voice of a speaker, because the walls are so far off from the speaker, 
that the echo does not get back in time to blend with the original sound; 
and therefore each is heard separately. 

The shortest interval sa£Qcient to render sounds distinctly ^preciable by 
the ear, is about l-9th of a second ; tiierefore when sounds follow at shorter 
intervals, they wiU form a resonance instead of an echo ; so that no reflecting 
surface will produce a distinct echo, unless its distance from the spot where 
the sound proceeds is at least 62^ feet ; as the sound will in its progress in 
passing to and from the reflecting surface, at the rate of 1,125 feet per sec- 
ond, occupy l-9th part of a second, passmg over 62^X2=125 feet 

When ifl an ^^^* Where separate surfiices are so situ- 
edio ^ muiu- ated that they receive and reflect the sound 
from one to the other in succession^ multiplied 
echoes are heard. 



Fia. 189. 



An echo in a build- 
ing near Milan, Italy, 
repeats a loud sound 30 
times audibly. A river 
bounded by perpen- 
dicular walls of rock, 
where the sound is re- 
flected backward and 
forward over the sur- 
face of still water, is a 
favorable situation for 
the production of re- 
peated echoea Fig. 
189 represents the 
manner in which the 
sounds rebound, in such 
situations, as at 1, 3, 3, 4, fi^nx side to side. 

It is not necessary that the sur&x!e producing an echo 
should be either hard or polished. It is often observed at 
BQ& that an echo proceeds from the surface of clouds. An 
echo at sea, however, or on an extensive plane, is heard but 
rarely, there being no surfaces to reflect sound. To insure a 
perfect echo, the reflecting surface must be tolerably smooth, and of some 




What condi- 
tions of sarfaee 
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regular form. An irregular sur&ce must break the eeho ; and if the irregu- 
larity be very considerable, there can be no distinct or audible reflection tit 
all For this reason an echo is much less perfect from the front of a house 
which lias windows and doors, than from the plane end, or any plane wall of 
the same magnitude. 

How is sound 431. If the surface upon wliich the sound- 
cu?^ed^ %^- waves strike be concave, it may concentrate 
faces? sound, and reflect all that falls upon it to a 

point at some distance from the surface, called the focus. 



Fig. 190. 
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Thus, in Fig. 190, if the sound waves 
proceeding in right lines from the points 
d, e, /, g^ A, strike upon the boncave sur- 
face, ABC, they will all be reflected to 
the focus, F, and there concentrated in 
such a way as to produce a most powerfiil 
effect. 

It is upon this principle that whisper- 
ing galleries are constructed, and domes and vaulted ceilings often exhibit the 
same curious phenomena. In these instances a whisper uttered at one point 
is reflected from the curved surface to a focus at a distant point, at which 
situation it may be distinctly heard, while in all other positions it will be in- 
audibla 

All are familiar with the resonance produced by placing a 
the noiM heard sea-shell to the ear— an effect which fancy has likened to the 
in a sea-sheU? « y^g^y ^f ^j^e sea." This is caused by the hollow form of the 
shell and its polished sur&ce enabling it to receive and return the beatings 
of all sounds that chance to be trembling m the air around the shell. 

432. Speaking-tubes and speaking-trumpets depend on the principles of the 
reflection of sound. 

FiQ. 191. 




433. A Speaking-Trumpet (Fig. 191) is a 
Speaking-Trum- hoUow tubc SO coustructed that the rays of 
^*^ sound (proceeding from the noouth when ap- 

plied to it), instead of diverging^ and being scattered 
through the surrounding atmosphere, are reflected from the 
sides, and conducted forward in straight lines, thus giving 
great additional strength to the voice. 
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Fia. 192. The course of the rays of 

I sound proceeding from the 
mouth through this instru- 
ment) may be shown by 
Fig. 192. The trumpet be- 
ing directed to any point, a 
collection of parallel rays of 
sound moves toward such 
■■ri pointy and they rearh the 
ear in much greater number than would the diverging rays which would pro- 
ceed from a speaker without such an instrument 

What iB an 434. An Ear-TruTDpet is, in form and appli- 
Ear-Trmnpetf cation, the icverse of a speaking-trumpet, but 
in principle the same. The rays of sound proceeding from 
a speaker, more or less distant, enter the hearing-trumpet 
and are reflected in such a manner as to concentrate the 
sound upon the opening of the ear. 

Fig. 193. ^^* ^^^ represents the form of the ear-trumpet gen- 

erally used by deaf persons. The aperture A is placed 
within the ear, and the sound which enters at B is, by a 
series of reflections from the interior of the instrument^ 
c(xicentrated at A. 

In the same manner persons hold the hand concavd 
behind the ear, in order to hear more distinctly. Tho 
concave hand acts^ in some respects, as an ear-trumpet, and reflects the sound 
into the ear. 

Most of the stories in respect to the so-called "haunted houses" can be all 
satisfactorily explained by reference to the principles which govern the re» 
flection of sounds. Owing to a peculiar arrangement of reflecting walls and 
partitions, sounds produced by ordinary causes are often heard in certain 
localities at remote distances, in apparently the most unaccountable manner. 
Ignorant persons become alarmed, and their imagination connects the phe- 
nomenon with some supernatural cause. 

435. A right understanding of the principles which govern the reflection 
of sound is ofl»n of the utmost importance in the construction of buildings 
intended for public speaking, as halls, churches, eta 

Experience shows that the human voice is capable of fliling a larger space 
than was ever probably inclosed within the walls of a single room. 
What dr '^^ circumstances which seem necessary in order that the 

BUnces are nee- human voice should be heard to the greatest possible distance, 
snreth utmost *°*^ ^*^ ^® greatest distinctness, seem to be, a perfectly 
distinctness in tranquil and uniformly dense atmosphere, the absence of all 
hearing? extraneous sounds, the absence of echoes and reverberations^ 

and the proper arrangement of the reflecting surfaces. 
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fw A -A. pure atmosphere in a room for speaking, being favorable 

pure atmoB- to the speaker's health and strength, will give him greater 
phereiaaroom power of voice and more endurance, thus indirectly improv- 
ing the hearing by strengthening the source of sound, and also 
by enabling the hearer to give his attention for a longer period undisturbed. 

In constructing a room for pubUc speaking, the ceiling 
room for pub* ought not to exceed 30 to 35 feet in height. 
constrS^telf*^ The reason of this may be explamed as follows;— If we 
advance toward a wall on a calm day, producing at each step 
^Mno*f this? ^^^ sound, we will find a point at which the echo ceases 
to be distinguishable from the original sound. The distance 
from the wall, or the corresponding interval of time, has been called the limit 
of perceptibility. This Umit is about 30 to 36 feet ; and if the ceiling of a 
building for speaking be arranged at this limit, the sound of the voice and the 
echo will blend together, and thus strengthen the voice of the sj^eaker. 

If the ceiling be constructed higher than this limit of perceptibility, or 
higher than 30 or 35 feet, the direct sound and the echo will be heard sepa- 
rately, and will produce indistinctness. 

„^ Echoes from walls and ceilings may, to a certain extent, 

echoes in a- be avoided by covering their surfiices with thick drapery, 
TO^^"?xtent ^^^^^ absorbs sound, and does not reflect it. 
be avoided? If the room is not very large, a curtain behind the speaker 

impedes rather than assists his voice. 
lt!y**the°key- ^^^' ^^ ©very apartment, owing to the peculiar arrange- 
note of an ment of the reflecting surfaces, some notes or tones can be 
aparmen heard with greater distinctness than others; or, in other 

words, every apartment is fitted to reproduce a certain note, called the key- 
note, better than any other. If a speaker, therefore, will adapt the tones of 
his voice to coincide with this key-note, which may readily be determined 
by a little practice, he will be enabled to speak with greater ease and distinct- 
ness than under any other circumstances. 

In a large room nearly square, the best place to speak from is near one cor- 
ner, with the voice directed diagonally to the opposite comer. In most cases, 
the lowest pitch of voice that wiU reach across the room will be the most 
audible. In all rooms of ordinary form, it is better to speak along the length 
of a room than across it It is better, generally, to speak from pretty near a 
wall or pillar, than far away from it 

SECTION III. 

OROANS OP HBARINa AND OF THE VOICE. 

D rib th ^^*^' ^^ ^^^ consists, in the first instance, of a funnel- 

constractionof shaped mouth, placed upon the external surface of the head. 
the human ear. j^ ^^^^ animals this is movable, so that they can direct it 
to the place from whence the sound comes. It is represented at a, Fig. 194. 

9* 
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FiQ. 194. 




Proceeding inward from this external por- 
tion of the ear, is a tube, something more than 
an inch long, terminating in an oval-shaped 
opening, 5, across which is stretched an elas- 
tic membrane, like the parchment on the head 
of a drum. This oval-shaped opening has re- 
ceived the name of the tympanum, or drum of 
the ear, and the membrane stretched across it 
is called the " membrane of the tympanum, or 
drum of the ear." 

The sound concentrated at the bottom of the ear-tube M]a upon the mem- 
brane of the drum, and causes it to vibrata That its motion may be free, 
the air contained within and behind the drum has free communication with 
the external air by an open passage, / called the eustachian tube^ leading to 
the back of the mouth. A degree of deafness ensues when this tube is ob- 
structed, as in a cold ; and a crack, or sudden noise, with immediate return 
of natural hearing, is generally experienced when, in the effort of sneezing or 
otherwise, the obstruction is removed. 

The vibrations of the membrane of the drum are. conveyed further inward, 
through the cavity of the drum, by a cham of four bones (not represented in 
the figure on account of their minuteness), reaching from the center of the 
membrane to the commencement of an inner compartment which contains the 
nerves of hearing. This compartment, from its curious and most intricate 
structure is called the Labyrinth, Fig. 194, c e d. 

The Labyrmth is the true ear, all the 
other portions being merely accessories by 
which the sonorous undulations are propa- 
gated to the nerves of hearing contained 
in the labyrinth, which is excavated in the 
hardest mass of bone found in the whole 
. body. Fig. 195 represents the labyrinth 
I on an enlarged scale, and partially open. 

The labyrinth is filled with a liquid sub- 
gtance, through which the nerves of hearing 
are distributed. "When the membrane of 
the drum of the ear is made to vibrate by the undulations of sound striking 
against it, the vibrations are communicated to the little chain of bones, 
which, in turn, striking against a membrane which covers the external 
opening of the labyrinth, compresses the liquid contained in it. This ac- 
tion, by the law of fluid pressure, is communicated to the whole interior of 
the labyrinth, and consequently to all portions of the auditory nerve dis- 
tributed throughout it: the nerve thus acted upon conveys an impression to 
the brain. 

The several parts of the labyrinth consist of what is called the vestibule, 
c. Fig. 194, three semicircular canals, c, imbedded in the hard bone, and a 
winding cavity, called the cochiea^ d, like that of a snail-shell, in which fibres, 
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stretched across like harp-stringa, constitute the l^a. The separate uses d 
these various parts are not yet fully known. The membrane of the tym« 
panum may be pierced, and the chain of bones may be broken, without en- 
tire loss of hearing. 

438. In the hearing apparatus of the lower orders of 
cuuSiSes ^ti *^"^*^Si sH the parts belonging to the human ear do not 
the hearing ap- exist In fishes, the ear consists only of the labyrinth; and 
i^eramimals? ^ lower animals the ear is simply a little membranous 
cavity filled with fluid in which the fibres of the nerves of 
hearing float - ' 

439. All persons can not hear sounds alike. 
^ns •" ^ In different individuals the sensibility of the 
sound alike? auditory nerves varies greatly. 
«rv . . .t. 440. The whole range of human hearing, 

What is the ° 1 1 • -I 

range of hii- ffom the lowcst note of the organ to the high- 

■ xn^n hearing f • • 

est known cry of insects, as of the cricket, in- 
cludes about nine octaves. 

,^^^ 441. In the human system, the parts con- 

organi of ccmcd in the production of speech and music, 
are three : the wind-pipe, the larynx, and 
the glottis. 

What Is the 442. The Wind-pipe is a tube extending 
Wind-pipe? £j.Q^ ^^Q extremity of the throat to the other, 
which terminates in the lungs, through which the air 
passes to and from these organs of respiration. 
What is the 443. The Larynx, which is essentially the 

Larynx? organ of spccch, IS an enlargement of the up- 
per part of the wind-pipe. The Larynx terminates in 
two lateral membranes which approach near to each other, 
having a little narrow opening between them called the 
glottis. The edges of these membranes form what is 
called the vocal chords. 
How is voice 444. In order to produce sound, the air ex- 

produced? pjj^^ ^Q^ ^Y^Q lungs passcs through the wind- 
pipe and out at the larynx, through the opening between 
the membranes, the glottis : the vibration of the edges of 
these membranes, caused by the passage of air, produces 
sound. 
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« x^ By the action of muscles we can vary the tension of these 

Hoir can Che 

tones of the membranes, and make the opening between them large or 

derad KntT«ror ^mall, and thus render the tones of the voice grave or acute.* 

•cute? 445. The loudness of the voice depends 

Jpo" ^^* mainly upon the force with which the air is 



does the lond> 
Bern of ih 
depend? 



nenofihevotee eXpcllcd from the lungS. 



The force which a healthy chest can exert in blowing is 
about one pound per inch of its 8ur£u» ; that ia to say, the chest can conr 
dense its contamed air with that force, and can blow through a tube the 
mouth of which is ten feet under the sur&ce of water. 

What father ^6. In coughing, the top of the windpipe, 
^h^? *"' ^^ ^^^ glottis, is closed for an instant, during 
which the chest is compressing, and condensing 
its contained air ; and on the glottis being opened, a 
slight explosion, as it were, of the compressed air takes 
place, and blows out any irritating matter that may be 
in the air-passages. 

jj^ . 447. Sound, to some extent, appears to always accompany 

generally ae- the liberation of compressed air. An example of this is seen 
SSStion ^ ^ ^^® report which a pop-gun makes when a paper-bullet 
compreaeedair? is discharged from it The air confined between the paper 
bullet and -the discharging-rod is suddenly liberated, and 
strikes against the surroundmg air, thus causing a report in the same man- 
ner as when two solids come into collision. In like manner an inflated blad- 
der, when burst open with force, produces a sound like the report of a pistol. 
T h t ia th ^^' ^^^ sound of felling water appears in a great measure 

sound of falling to be owing to the formation and bursting of bubbles. When 
water due? ^jj^ distance which water falls is so limited that the end of 

* The power which the will possesses of determining with the most perfect precision 
the exact degree of tension which these membranes of the glottis, or yocal chords shall 
receive, ia extremely remarkable. Their average length in man is estimated at 73-lOOthB 
of an inch in a state of repose, while in the state of greatest tension it is about 98-lOOtha 
of an indi. The average length of the membranes in the female ia somewhat less. Each 
interval, or variation of tone which the human voice is capable of producing is occasioned 
by a different degree of tension of these membranes : and as the least estimated number 
of variations belonging to the voice is 240, there must be 240 different states of tension 
of the vocal chorda, or membranes, every one of which can be at once determined by the 
will. Their whole variation in length in man being not more than one fifth of an inch, 
the variation required to pass from one interval of tone to another will not be more than 
1-iaoOth of an inch. 

It ia on account of the greater length of the vocal chords, or membranes of the glottis, 
that the pitch of the voice is much lower in man than in woman : but the difference does 
not arise until the end of the period of childhood, the size of the larynx in both sexes being 
about the same up to the age of 14 or 15 years, but then changing rapidly in the male 
Bex, and remaining nearly stationary in the female: Hence it is that boys, as well as 
girls and women, sing treble ; while men sing tenor, which is about an octave lower than 
treble, or baas which is lower stilL^Dr. Carpenter, 
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the stream docs not become broken into bubbles and drops, neither sound or 
air-bubbles will be produced ; but as soon as the distance becomes increased 
to a sufficient extent to break the end of the column into drops, both air-bub- 
bles and sounds will be produced, 
whatissncez- 449. Sneczing is a phenomenon resembling 

^^ cough ; only the chest empties itself at one 

effort, and chiefly through the nose, instead of through 
the mouth, as in coughing. 
What is laugh- 450. Laughing consists of quickly-repeated 

^^^ expulsions of air from .the chest, the glottis 

being at the time in a condition to produce voice ; but 
there is not between the expirations, as in coughing, a 
complete closure of the glottis. 

whatiscrytog? 451. Crying differs from laughing almost 
solely in the circumstance of the intervals be- 
tween the gusts or expirations of air from the lungs being 
longer. Children laugh and cry in the same breath. 

Insects generally- excite sonorous vibrations by the fluttering of their wings, 
or other membraneous parts of their structure. 

PKACTICAL QUESTIONS IN ACOUSTICS. 

1. The flash of a cannon was seen, and ten seconds aftenrard the report iras heard: 
how far off was the cannon ? 

2. At what distance was a flash of lightning, when the flash was seen seren seconds 
before the thunder was heard ? 

3. How long after a sndden shont wiXL an echo be returned from a high wall 1,120 feet 
distant? 

4. A stone being dropped Into the mouth of a mine, was heard to strike the bottom 
in two seconds ; how deep was the mine? 

5. A certain musical string vibrates 100 times in a second : how many times must It 
Tibrate in a second to produce the octave t 



CHAPTER XII. 

HEAT. 

whaiis luiA 452. Heat is a physical agent, known only 

by its effects upon matter. In ordinary lan- 
guage we use the term heat to express the sensation of 
warmth. 
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453. Caloric is the general name given td 
the physical agent which produces the sensa- 
tion of warmth^ and the various effects of heat observed 
in matter. 

Hoir If heat 454 The quantity of heat observed in dif- 
"*•'"'**' ferent substances is measured, and its effects 
on matter estimated, only by the change in bulk, or ap^ 
pearance, which different bodies assume, according as heafc 
is added or subtracted. 

What i> tern. 455. The degree of heat by which a body 
peraturef jg aflfected, or the sensible heat a body con- 
tains, is called its Tbmperatubb. 

456. Cold is a relative term expressing only 

Whatiscoldf _ _ ^_ ,. . . », , ,\ 

the absence of heat m a degree ; not its total 
absence, for heat exists always in all bodies. 
What distfo- 457. Heat possesses a distinguishing char- 
SteJutfc^'dJI; acteristic of passing through and existing in 
heat possessr ^11 kiuds of matter at all times. So far as we 
know, heat is everywhere present, and every body that 
exists contains it without known limits. 

Ice contains heat in large quantities. Sir Humphrey Davy, by friction, ex- 
tracted heat from two pieces of ice, and quickly melted them, in a room cooled 
below the freezing-point, by rubbing them against each other. 

In what man- 458. The tcndeucy of heat is to diffuse, or 
diffuBe?' or^* spread itself among all neighboring substances, 
Bpread'itseif? ^j^^jj ^U havc acquircd the same, or a uniform 
temperature. 

A piece of iron thrust into burning coals becomes hot among them, because 
the heat passes from the coals into the iron, until the metal has acquired an 
equal temperature. 

When do we 459. When the hand touches a body having 
cauabodyhotr ^^ higher temperature than itself, we call it 
hot, because on account of the law that heat diffuses itself 
among neighboring bodies until all have acquired the 
same temperature, heat passes from the body of higher 
temperature to the hand, and causes a peculiar sensation, 
which we call warmth. 
460. When we touch a body having a temperature 
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When do we lowcr than that of the hand, heat, in accord- 
cauabodycoidf ^^^^^ ^^^ ^j^^ ^^^^^ ^^^ passcs out from the 

hand to the body touched, and occasions the sensation 
which we call cold.* 

461. Sensations of heat and cold are, therefore, merely 
degrees of temperatiure, contrasted by name in reference 
to the peculiar temperature of the individual speaking of 
them. 

u d hat "^ hody may feel hot and cold to the same person at the 

elrcnmstances same time, since the sensation of heat is produced by a body 
ho7aid*TOld^ to^ °°^^®^ *^^^ *^® ^*°^ provided it be less cold than the body 
the same per- touched immediately before; and the sensation of cold is 
mnat the same produced under the opposite circumstances, of touching a 
comparatively warm body, but which is less warm than some 
other body touched previously. Thus, if a person transfer one hand to com- 
mon spring water immediately after touching ice, to that hand the water 
would feel very warm ; while the other hand transferred from warm water 
to the spring water, would feel a sensation of cold. 

Has heat ^62. Hcat is impondciable, or does not pos- 

▼eight? gggg j^jjy perceptible weight. 

If we balance a quantity of ice in a delicate scale, and then leave it to 
melt, the equilibrium will not be in the slightest degree disturbed. If we 
substitute for the ice boiling water or red-hot iron, and leave this to cool, 
there will be no difference in the result Count Rumford, having suspended 
a bottle containing water, and another containiug alcohol to the arms of a 
balance and adjusted them so as to be exactly in equilibrium found that the 
balance remained undisturbed when the water was completely fh)zen, though 
the heat the Vater had lost must have been more than sufiBcient to have made 
an equal weight of gold red hot 

What do we 463. The nature, or cause of heat is not 
w!SIJeofhe2r? clearly understood. Two explanations, or 
theories have been proposed to account for the 
various phenomena of heat, which are known as the me- 
chanical and vibratory theories. 

Explain the me- ^64. The mcchanical theory supposes heat 
chanicai theory. ^^ ^^^ ^^ extrcmely subtilc fluid, or etherial 

* There can not be a more fallacious means of estimating heat than by the touch. Thus, 
in the ordinary s^ate of an apartment, at any season of the year, the objects which are in 
it have all the same temperature ; and vet to the touch they will feel warm and cold in 
different degrees. The metallic ol]!Ject8 will be the coldest ; stone and marble less so ; 
wood still lebs; and carpeting and woolen objects will feel warm. Now all these ottjecta 
are at exactly the same temperature, aa ascertained by the thermometer. 
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kind of matter pervading all space, and entering into 
combination in various proportions and quantities, with 
all bodies, and producing by this combination all the va- 
rious effects noticed. 

Explain the Ti- 46^- ^hc vibratory theory, on the contrary, 
bratory theory, gupposes hcat to be merely the effect of a spe- 
cies of motion, like a vibration or undulation, produced 
either in the constituent particles of bodies, or in a subtle, 
imponderable fluid which pervades them. 

When one end of a bar of iron is thrust into the fire and heated, the other 
end soon becomes hot also. According to the mechanical theory, a-subtile 
fluid coming out of the fire enters into the iron, and passes from particle to 
particle until it has spread through the whole. When the hand is applied to 
the bar it passes into it also, and occasions the sensation of warmth. Ac- 
cording to the vibratory theory, the heat of the fire communicates to the par- 
ticles of the iron themselves, or to a subtile fluid pervading them, certain vi- 
bratory motions, which motions are gradually transmitted in every direction, 
and produce the sensation of heat, in the same way that the undulations or 
vibrations of air, produce the sensation of sound. 

_ ^. There seems to be but little doubt at the present time among 

Hoir are these . .« , , , ,,.,,, 

two theories scientific men, that the theory which ascnbes the pheuome- 

Srdcd"^ '*" na of heat to a series of vibrations, or undulations, either in 

matter, or a fluid pervading it, is substantially correct. At 

the same time it is not wholly satisfactory, and neither theory will perfectly 

explain all the facts in relation to heat with which we are acquainted. 

For the purpose of describing and explaining the phenomena and effects of 

heat, it is convenient, in many cases, to retain the idea that heat is a substance. 

The fact that nature nowhere presents us, neither has art 
dencesinfa^r ®^®^ succeeded in showing us, heat alone in a separate state, 
of the respect- is a strong ground for believing that heat has no separate 
^^theones of material existence. Heat, moreover, can be produced without 
limit by friction, and intense heat is also produced by the ex- 
plosion of gunpowder. On the contrary, as arguments in favor of the material 
existence of heat, we have the fact, that heat can be communicated very 
readily through a vacuum ; that it becomes instantly sensible on the condens- 
ation of any material mass, as if it were squeezed out of it : as when, on re- 
ducing the bulk of a piece of metal by hammering, we render it very hot (tho 
greatest amount of heat being emitted with the blows that most change its 
bulk) ; and, finally, that the laws of the spreading of heat do not resemble 
those of the spreading of sound, or of any other motion known to us. 

466. The relation between heat and light is a very intimate 

te^'there***!^" 0°®- '^^^^ exists without light, but all the ordinary sources 

tween heat and of light are also sources of heat; and by whatever artificial 

^ means natural light is condensed, so as to increase its splen* 
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dor, the boat which it produces is also, at the same time, rendered more 
intensa 

467. When a body, naturally incapable of 
bodyincandes- emitting light, is heated to a sufficient extent 
to become luminous, it is said to be incandes- 
cent, or ignited. 
What is flame 468. Tlame is ignited gas issuing from 

audfiref ^ buHiing body. Fire is the appearance of 
heat and light in conjunction, produced by the combus- 
tion of inflammable substances. 

The andent philosophers used the term fire as a characteristic of the nature . 
of heat, and regarded it as one of the four elements of nature ; air, earth, and 
water being the other three. 

Heat and the attraction of cohesion act constantly in opposition to each 
other ; hence, the more a body is heated, the less will be the attractive force 
between the particles of which it is composed. 

SECTION I. 

SOUBOES OF HBAT. 

^mt are the 4g9^ gj^ great sources of heat are recognized, 
soupoeflofhcat? They are — ^1. The sun ; 2. The interior of the 
earth ; 3. Electricity ; 4. Mechanical action ; 5. Chemical 
action ; 6. Vital action. 

What i> the 470. The greatest natural source of heat is 
Sd*SiJr*Sif the sun, as it is also the greatest natural source 
^^*' of light. 

Although the quantity of heat sent forth from the sun is immense, its rays, 
falling naturally, are never hot enough, even in the torrid zone, to kindle 
-. combustible substances. By means, however, of a 

burning-glass, the heat of the sun's rays can be con- 
centrated, or bent toward one point, called a focus, 
in sufficient quantity to set fire to substances sub- 
mitted to their action. 

Fig. 196 represents the manner in which a burning- 
glass concentrates or bends down the rays of heat 
until they meet in a focus. 
Two opinions, or theories, have been entertained in order to account for the 
production of heat and light by the sun ; one supposes that the sun is an 
intensely-heated mass, which throws off its light and heat like an intensely- 
heated mass of iron : the other, based on the ground that heat is occasioned 




210 WELLS'S NATITBAL PHILOSOPHY^ 

by the vibrations of an ethereal fluid occupying all space, supposes that the 
sun may produce the phenomena of light and heat without waste of its tem- 
perature or substance, as a bell may constantly produce the phenomena of 
sound. 

"Whatever may be the true theory, a series of experiments, made some years 
since by Arago, the eminent French astronomer, seem to prove that the tem- 
perature at the surface of tlie sun is much more elevated than any artificial 
heat we are able to produce. The experimental reasons which lead to this 
opinion are as follows : — 

There are two states in which light is capable of existing — ^the ordinaiy 
state, and the state of polarization.* It has been proved that all bodies, in a 
solid or liquid state, which are rendered incandescent by heat, emit a polar- 
ized light, while bodies that are gaseous, when rendered incandescent, inva- 
riably emit light in its ordinary state. Thus the physical condition of a body 
may be distinguished when it is incandescent by examining the light which 
it affords. On applying the test to the direct light of the sun, it was found to 
be in the unpolarized or ordinary condition of light. Hence it has been in* 
ferred by Arago that the matter from which this light proceeds must be in 
the gaseous state, or, in other words, in a state of flame. From other experi- 
ments and observations, Arago was led to the conclusion that the sun was a 
solid, opaque, non-luminous body, invested with an ocean of flame. 

„^ , ^ , 471. Owing to the position of the earth's 
ative heat of axis, the relative amount of heat received from 

the sun alirays .1 • i . . /» 

greater in some thiB sun IS alwavs ffieater in some portions ot 

portions of the , 1 ii i • ^ /» 1 

earth than at the earth than at others, smee the rays oi the 
sun always fall more directly upon the central 
portions of the earth than they do at the poles, or extremi- 
ties ; and the greatest amount of heat is experienced from 
the rays of the sun when they fall most perpendicularly. 

Why is the ^'^^* '^^^ ^®^* ^^ *^® ®^^ ^^ greatest at noon, because for 
heat of the sun the day the sun has reached the highest point in the heavens, 
iJon?^* ' ** ^^^ ^*3 rays fall more perpendicularly than at any other 

time. 
What occasions For a like reason we experience the extremes of tempera- 

the difference .,. ^.,, ^ ^.. t xi_ 

in temperature ture, distinguished as Summer and wmter. In summer the 

wi^tCT?^ *°^ position of the sun in relation to the earth is such, that al- 
though more remote from the earth than in winter, its rays 
fall more perpendicularly than at any other season, and impart the greatest 
. amount of heat ; while in winter the position of the sun is such that its rays 
fall more obliquely than at any other time, and impart the smallest amount of 
heat. The sun, moreover, is longer above the horizon in summer than in 
winter, which also produces a con-esponding effect. 

The reason why a difference in the inclination of the sUa's rays fallmg upon 
* For explanation of the term polarization, see chapter on Light 
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tbQ sur&ce of the earth occasions a difference in their heating effect is, that 
the more the ra3rs are inclined, the more they are diffused, or, in other wordF, 
the larger the space they cover. This may be rendered apparent by reference 
to Fig. 197. 

Fio. 197* ^* ^ suppose A B C D to represent 

a portion of the sun's rays, and C D a 
portion of the earth's surface upon which 
the rays fall perpendicularly, and C B 
portions of the surfiice upon which they 
fall obliquely. The same number of 
rays will strike upon the sur&ces C D 
and C E, but the surface C E being . 
greater than D, the rays will necessarily fall more densely upon the latter ; 
and as the heating power must be in proportion to the density of the rays, it 
is obvious that C D will be heated more than C E, in just the same propor- 
tion as the surface C E is more extended. But if we would compare two 
surfaces upon neither of which tbe sun's rays fall perpendicularly, 1 jt us take 
C E and C F. They fall on C E with more obliquity than on C F ; but C B 
is evidently greater than G F, and therefore the rays being diffused over a 
larger surface are less dense, and therefore less effective in heating. 

What is the ^73. The greatest natural temperature ever 
Suera'pemture authentically recorded was at Bagdad, in 1819, 
ever observed? ^j^g^ ^jjg thermometer (Fahrenheit's) rose to 
120° in the shade. On the west coast of Africa the ther- 
mometer has been observed as high as 108° F. in the 
shade. Burckhardt in Egypt, and Humboldt in South 
America, observed it at 117° F. in the shade. 

474. About 70° below the zero of Fahrenheit's 
lowest tempe- thermomctcr is the lowest atmospheric temper- 

rature observed? . . t i i i a j • • 7 

ature ever expenenced by the Arctic navigators. 
Tovhatextent 475. Tho greatest artificial cold ever pro- 
coTd bSfptoi duced was 220° F. below zero, 
daced ? This temperature was obtained some years since by M. 

Natterer, a German chemist. Professor Faraday also produced a cold 
equal to 166® F. below zero. At neither of these temperatures were pure 
alconol or ether frozen. 

The temperature of the space above the earth's atmosphere has been esti- 
mated at 58° below zero, Fahrenheit's thermometer. 

To what depth 476. The depth to which the influence of 
dies'^^he^ri *^® ^^^^ ^^ *^^ ^^^ extends into the earth va- 
ofttie sun ex- ^ies from 60 to 100 feet ; never, however, ex- 
ceeding the latter distance. 
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Hov do w« Independently of the sun, however, the earth is a source of 
knoir that the heat The proof of this is to be found in the fact, that as we 
o?lSit?* **""* descend into the earth, and pass bejond the limits of the influ- 
ence of the solar heat, the temperature constantly rises. 

At what rate 477. The increasG of temperature observed as 
pSJtureof Se we desceud into the earth, is about one degree 
earth increase f ^£ ^^^ thermometerfor every fifty feet of descent. 

Supposing the temperature to increase according to this ratio, at the depth 
of two miles water would be converted into steam ; at four miles, tin would 
be melted ; at five miles, lead; and at thirty miles, almost eveiy earthy sub- 
. stance would be reduced to a fluid state. 

The internal heat of the earth does not appear to have any sensible effect 
upon the temperature at the surfece, being estimated at less than l-30th of 
a degree. The reason why such an amount of heat as is supposed to exist in 
the interior of the earth does not more sensibly afi*ect the surface is because 
the materials of which the exterior strata or crust of the earth is composed, 
do not conduct it to the surface from the interior. 

Under what 478. When electricity passes from one sub- 

fa d^dit^ stance to another, the medium which serves to 
Booroeofheatr couduct it is vory frequently heated ; but in 
what manner the heat is produced we have no positive in- 
formation. 

The greatest known heat with which we are acquainted, is thus produced 
by the agency of the electric or galvanic current All known substances can 
be melted or volatilized by it 

Heat so developed has not been employed for practical or economical pur- 
poses to any great extent ; but for philosophical experiments and investiga- 
tions it has been made quite usefuL 

How ii chem- 479. Many bodies, when their original con- 
ISSrc^of hlat* Btitution is altered, either by the abstraction 
of some of their component parts, or by the 
addition of other substances not before in combination 
with them, evolve heat while the change is taking place. 

In such cases, the heat is said to be due to chemical ac- 
tion. 

What i« chem- 480. Wc apply the term chemical action to 
leal action? thoso Operations, whatever they may be, by 
which the form, solidity, color, taste, smell, and action of 
substances become changed ; so that new bodies, with 
quite different properties, are formed from the old. 

A familiar illustration of the manner in which heat is evolved bj chemical 
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action is to be foand in the experiment of pouring oold water upon quick- 
lime. Tiie water and the lime combine together, and in so doing liberate a 
great amount of heat, sufficient to set fire to combustible substances. 

How is heat/^ ^81. Heat is always evolved when a fluid is 
change^of form transformed into a solid, and is always ab- 
ia matter? sorbed when a solid is made to assume a fluid 
condition. As water is changed from its liquid form when 
it is taken up by quicklime, therefore heat is given offl 

The heat produced by the various forms of combustion, is the result of chem- 
ical action. 

In wiiat two ^^^- Heat exists in two very different con- 
conditioiwdoes ditious, as Fbee, or Sensible Heat, and as 

heat exist? ' ' ' 

Latent Heat.* 
whatisscnsi- ^83. Whcu thc hcat retained or lost by a 
We heat? j^^^jy jg attended with a sense of increased or 

diminished warmth, it is called sensible heat. 
What la latent 484. Whcu the hcat retained or lost by a 
^^^"^ body is not perceptible to our sense, it is called 

latent heat. 

_ ^ Every substance contains more or less of latent heat Al- 

How do ire •' ,..-.-. 

know heat to though our senses give us no direct mformation of its pres- 

ff wV"<»n ^not ®°*^®» ^® ™^y» ^^ * variety of experiments, prove that it ex- 

perceire It? ists. Thus, the temperature of ice is 32° by the thermometer, 

but if ice be melted over a fire and converted into water, tlie 

water will be no hotter than the ice was before, although in the operation 

140 degrees of heat have been absorbed by the water. When, on the contrary, 

water passes into ice, a large amount of heat which was before latent in the 

water, passes out of it, and becomes sensible, f 

485. Another important source of heat is 
■ chanicai action mechanical action, heat being produced by 
friction and by the condensation, or compres- 
sion of matter. 

What ar iiius- Savage nations kindle a fire by the friction of two pieces 
trations of the of dry wood ; the axles of wheels revolving rapidly frequently 
Eeat°bWric- ^^™® ignited ; and in the boring and turning of metal the 
tion? chisels often become intensely hot. In all these cases the 

friction of the surfaces of wood or of metal in contact, dis- 
turbs the latent heat of these substances, and renders it sensible. 

The foUawing interesting experiment was made by Count Rumford, to il- 

* Latent, from the Latin word lateo, to be hid. 

t The phenomena of latent heat are farther considered nnder the head of liquefaction. 
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lustrate the effect of fiiction in prodacing heat:— A borer was made to re- 
volve in a cylinder of brass, partially bored, thirty-two times in a minute. 
The cyhnder was inclosed in a box containing 18 pounds of water, the tem- 
perature of which was at first 60°, but rose in an hour to 107o; and in 
two hours and a half the water boiled. 

Is air necessary Air does not appear to be necessary to the production of 
for the produc- heat by the friction of solid bodies ; since heat is produced 
frtetio??^** ^y by friction within a vacuum. 

To whatever extent the operation may be carried, a body 
never ceases to give out heat by friction, and this fact is considered as a 
strong argument in favor of the theory that heat is not a substance, but 
merely a property of matter. 

It was formerly supposed that solids alone could develop heat by friction, 
but recent experiments have proved, beyond a doubts that heat is also gener- 
ated by the friction of fluida 

The heat excited by friction is not in proportion to the hardness or elas- 
ticity of the bodies employed ; on the contrary, a piece of brass rubbed with 
a piece of cedar- wood produced more heat than when rubbed with another 
piece of metal ; and the heat was still greater when two pieces of wood were 
employed. 

The reduction of matter mto a smaller compass by an exter- 
taSk)n?o?^5ie ^^^ ^^ mechanical force, is generally attended with an evolu- 
production of tion of heat. To such an act of compression we apply the 
detain ?^^' term condensation. 

Heat may be evolved from air by condensation. This may 
be shown by placing a piece of tmder in a tube, and suddenly compressing the 
air contained in it by means of a piston. The air being thus condensed, parts 
with its latent heat in sufficient quantity to set fire to the tinder at the hot* 
torn of the tube. Another familiar experiment of the evolution of heat by 
condensation, is the rendering of iron hot by strikmg it with a hammer. The 
particles of the iron being compressed by the hammer, can no longer contain 
so much heat in a latent state as they did before: some of it therefore be- 
comes sensible, and increases the temperature of the metal, and the strikmg 
may be continued to such an extent as to render the iron red-hot 

When a match is drawn over sand-paper or other rough substance, cer- 
tain phosphoric particles are rubbed off, and bemg compressed between the 
match and the paper, their heat is raised sufficiently high to ignite them and 
fire the match. If the match be drawn over a smooth surfeoe, the compres- 
sion must be increased, for the temperature of the whole phosphoric mass must 
be raised in order to cause ignition. 

The fulminating substance of a percussion-cap explodes when struck by a 
hammer, because the blow occasions a compression of the particles, by which 
a sufficient amount of latent heat is liberated to produce ignition. 

WTwt Is meant ^86. Most Kving animals possess the property 
by vital heat f q£ maintaining in their system an equable tern- 
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perature, whether surrounded by bodies that are hotter or 
colder than they are themselves. The cause of this is due 
to the action of vital heat, or the heat generated or ex- 
cited by the organs of a living structure. 

The foUowing facts illustrate this principle : — Th6 explorers of the Arctic 
regions, during tlie polar winter, while breathing air that froze mercury, still 
had in them the natural warmth of 98° Fahrenheit above zero; and the 
inhabitants of India, where the same thermometer sometimes stands at 
116° in the shade, have their blood at no higher temperature. Again, 
the temperature of birds is not that of the atmosphere, nor of fishes that 
of the sea 

487. The cause of animal heat is undoubt- 
cani of vitiS edly due to chemical action ; — the result of 
respiration and nervous excitation. 

Do lanta Growing vegetables and plants also possess, in a degree, 

8686 this prop- the property of maintaining a constant temperature within 
•rty? their structure. The sap of trees remains unfrozen when the 

temperature of the surrounding atmosphere is many degrees below the freez- 
ing point of water. 

This power of preserving a constant temperature in the animal structure is 
limited. Intense cold suddenly commg upon a man who has not sufficient 
protection, first causes a sensation of pain, and then brings on an almost irre- 
sistible sleepiness, which if indulged ux proves &tal A great excess of heat 
also can not long be sustained by. the human system. 

Each species of animal and vegetable appears to have a temperatare natural 
and peculiar to itself, and from this diversity different races are fitted for dif- 
ferent portions of the earth's surface. Thus, the orange-tree and the bird of 
Paradise are confined to warm latitudes; the pine-tree and the Arctic bear, 
to those which are colder 

When animals and plants are removed from their peculiar and natural dis- 
tricts to one entirely different, they cease to exist, or change their character 
in such a way as to adapt themselves to the dbnate. As illustrations of this, 
we find that the wool of the northern sheep changes in the tropics to a spe- 
cies of hair. The dog of the torrid zone is nearly destitute of hair. Bees 
transported from the north to the region of perpetual summer, cease to lay up 
stores of honey, and lose in a great measure their habits of industry. 

Man alone is capable of living in all climates, and of migrating fireely to all 
portions of the earth. 

' Of all animals, birds have the highest temperature ; mammalia, or those 
which suckle their young, come next ; then amphibious animals, fishes, and 
certain insects. Shell-fish, worms, and the like, stand lowest in the scale of 
temperature. The common mud-wasp, in its chrysalis state, remains unfrozen 
during the most severe cold of a northern winter ; the fiuids of the body in- 
stantly congeal, however, in a fireezing temperature, the moment the cas^ 
or shell which indoses it, is crushed. 
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SECTION II. 

OOliliUNIOATION OF HEAT. 

ST'^c^uS* ^88' H^* ™^y ^® communicated in three j 

catedf ways: "by Conduction, by Convection, and i 

by Radiation. j 

How it h ^^' ^®** ^ communicated by conduction i 

communicated whcu it tiavels ffom particlc to particle of the , 

yco uc n g|ii,gta,nce, as from the end of the iron bar I 

placed in the fire to that part of the bar most remote ! 

from the fire. i 

What it con- 490. When heat is communicated by being I 

rection? carried by the natural motion of a substance 
containing it to another substance or place, as when hot 
water resting upon the bottom of a kettle rises and carries 
heat to a mass of water through which it ascends, the heat 
is said to be communicated by convection, 
whatisradi*. 491. Heat is communicated by radiation 
tionofheat? whcu it leaps, as it were, from a hot to a cold 
body through an appreciable interval of space ; as when a 
body is warmed by placing it before a fire removed to a 
little distance from it. 

How doet a ^92. A hcatcd body cools itself, first by giv- 
^nSsein*^^ ing off heat from its surface, either by conduc- 
tion or radiation, or both conjointly ; and sec- 
ondly, by the heat in its interior passing from particle to 
particle by conduction, through its substance to the sur- 
face. A cold body, on the contrary, becomes heated by a 
process directly the reverse of this. 

Do an bodiea 493. Different bodies exhibit a very great 
^ulSy wi?' degree of difference in the facility with which 
they conduct heat : some substances oppose 
very little impediment to its passage, while through others 
it is transmitted slowly. • 

What are con- 494. All bodics are divided into two classes 
Son^onduJtorB ^^ rcspcct to thclr conduction of heat, viz., 
of heat r i^^Q conductors and non-conductors. The for- 
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mer are such as allow heat to pass freely through them ; 
the latter comprise those which do not give an easy pass- 
age to it. 

Dense solid bodies, like the metals, are the best con- 
ductors of heat ;* light, porous substances, more especially 
those of a fibrous nature, are the worst conductors of heat. 

The different conducting power of yarlous solid substances may be strik- 
ingly shown by taking a series of rods of equal length and thickness, coating 
one of their extremities with wax, and placing the other extremities equally 
in a source of heat The wax will be found to entirely melt off from soma 
of the rods before it has hardly softened upon others. 
What is the 495. Liquids are almost Fia. 198. 

JSwtJ^of^^iiq- al>solute non-conductors of 
»^^ heat. 

If a small quantity of alcohol be poured on the sur- 
fiskce of water and inflamed, it will continue to bum 
for some time. (See Fig. 198.) A thermometer, 
immersed at a small depth below the common sur- 
&ce of the spirit and the water, will fail to show any 
Increase in temperature. 

Another and more simple experiment proves the 
same fact ; as when a blacksmith inmierses his red- 
hot iron in a tank of water, the water which sur- 
rounds the iron is made boiling hot, while the water 
not immediately m contact with it remains quite cold. 

Fig. 199. If a t*iho nearly filled with water is held 

over a spirit lamp, as in Fig. 199, in such a 
manner as to direct the flame against the 
upper layers of the water, the water will be 
observed to boil at the top, but remain cool 
below. If quicksilver, on the contrary, be 
so treated, its lower layers will speedily be- 
come heated. The particles of mercury will communicate the heat to each 
other, but the particles of water will not do so. 

A stone, or marble hearth in an apartment, feels colder to 
Htoiie, or^mwv the feet than a woolen carpet, or hearth-rqg, not because the 

ble hearth feel Q^e is hotter than the other, for both are really of the same 
colder t"^" a , 

carpet? temperature, but because the stone and marble are good 

* The following table exhibits the relative conducting power of different snbstancei, 
the ratio expressing the condacting power of gold being taken at 100 ; 





Gold 
Platinam 
Silrer . 
Copper . 
Iron 
Zinc 



. . 100-00 


Tin . . . 


. .80-38 


. 98-10 


Lead . . . 


. . 17-96 


. . 9T-S0 


Marble . 


. 8-34 


. 89-82 


Porcelain . 


. . I'M 


. . 87-41 


Brick earth . 


. . 1-18 


. . 86-3T 
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oonducton^ and the woolen carpet and hearth-rug rery bad conductors. 
The action of the two substances is as follows: — As soon as the hearth- 
stone has absorbed a portion of heat from the feet, it instantly disposes 
of it by conducting it away, and calls for a fresh supply; and this ac- 
tion will continue until the stone and the foot hav^e established an equili- 
brium of temperature between them. The carpet and the rug also absorb 
heat from the feet in like manner, but they conduct or convey it away so 
slowly, that its loss is hardly perceptible. 

Most Tarieties of wood are bad conductors of heat; hence, though one end 
of a stick is blazing, the other end may be quite cold. Cooking vessels, for 
this reason, are often furnished with wooden handles, which conduct the beat 
of the vessel too slowly to render its influx mto our hands painfiil. For the 
same reason we use paper or woolen kettle-holders. 

To what extent 496. Bodies iu the gaseous, or aeriform con- 
bSdteJ'SSct dition are more imperfect conductors of heat 
*****^' than liquids. Common air, especially, is one 

of the worst conductors of heat with which we are ac- 
quainted. 

How i> tdr 497. Air is, however, readily heated by con- 

heatedr vectiou. Thus, when a portion of air by com- 
ing in contact with a heated body has heat imparted to 
it, it expands, and becoming relatively lighter than the 
other portions around it, rises upward in a current, carry- 
ing the heat with it ; other colder air succeeds, and (being 
heated in a similar way) ascends also. A series of cur- 
rents are thus formed, which are called " convective cur- 
rents." 

In this way air, which is a bad conductor, rapidly reduces the temperature 
of a heated substance. If the air which encases the heated substance were 
to remain perfectly motionless, it would soon become, by contact, of the same 
temperature as the body itself and the withdrawal of heat would be checked : 
but as the external air is never perfectly at rest, firesh and colder portions 
continually replace and succeed those which have become in any degree 
heated, and thus the abstraction of heat goes on. 

For this reason a windy day alwajrs feels colder than a calm day of the 
same temperature, because in the former case the particles of air pass over 
us more rapidly, and every fresh particle takes some portion of heat 
Hoir may the 498. The couductiug powcr of all bodies is 
pSwCT^dies diminished by pulverizing them, or dividing 
Ldiminiahedf them iuto fiuo filamcnts. 

TbuB saw-dust^ when not too much compressed, is one of the most perfect 
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zum-Gonductors of heat. Wool, far, hair and feathers, are also among the worst 

conductors of heat. 

Woolens and flirs are used for clothing in cold weather, not 

and wooieni because they impart any heat to the body, but because they 

used for cloth- ^^ ^q^ y^^^ conductors of heat; and therefore prevent the 

warmth of the body from being drawn off by the cold air. 

The heat generated in the animal system by vital action has constantly a 

tendency to escape, and be dissipated at the sur&ce of the body, and the rate 

at which it is dissipated depends on the difiference between the temperature 

of the surface of the body and the temperature of the surrounding medium. 

By interposing, however, a non-conducting substance between the surface of 

the body and the external atmosphere, we prevent the loss of heat which 

would otherwise take place to a greater or less degree. 

The non-conducting properties of fibrous and porous sub- 

TiHL ^ ™-«!iI® stances are due ahnost altogether to the air contained in their 
the noU'COD- ° 

ducting prop- interstices, or between their fibers. These are so disposed as 
subSanoMdue? *^ receive and retain a large quantity of air without permitting 
it to circulate. 

The warmest clothing is that which fits the body rather loosely, because more 
hot air will be confined by a moderately loose garment than by one which fits 
the body tightly. 

Blankets and warm woolen goods are always made with a nap or projec- 
tion of fibers upon the outside, in order to take advantage of this principle. 
The nap or fibers retain air among them, which, fit)m its non-conducting 
properties, serves to increase the warmth of the material. 
__ The finer the fibers of hair, or wool, the more closely they 

ence has the retain the air enveloped within them, and the more imperme- 
flbereuDon Se ^^^® ^®^ become to heat In accordance with this princi- 
wannth of a pie, the external coverings of animals vary not only with the 
material? climate which the species inhabit, but also in the same indi- 

vidual they change with the season. In warm climates the fiirs are generally 
coarse and thin, while in cold countries they are fine, close, light, and of uni- 
ibrm texture, almost perfect non-conductors of heat 

We have illustrations of this principle also in the vegetable kingdom. The 
bark of trees, instead of being compact and hard Hke the wood it envelops, 
is porous and formed of fibers, or layers, which, by including more or less of 
air between their sur&ces, are rendered non-conductors, and prevent the 
escape of heat from the body of the tree. 

An apartment is rendered much warmer for being furnished with double 
doors and windows, because the air confined between the two surfaces op- 
poses both the escape of heat from within, and the admission of cold firom 
without 

As a non-conductmg substance prevents the escape of heat from within a 
body, so it is equally efficacious in preventing the access of heat fix)m without 
In an atmosphere hotter than our bodies, the effect of clothing would be to 
keep the body cooL Flannel is one of the warmest articles of dress, yet w© 
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can not preserve ice more effectually in summer than by enveloping it in its 
folds. Eiremen exposed to the intense heat of furnaces and steam-boilers, in- 
variably protect themselves with flannel garments. 

Cargoes of ice shipped to the tropics, are generally packed for preservation 
in sawdust : a casing of sawdust is also one of the most effectual means of 
. preventing the escape of heat from the surfeces of steam-boilers and steam- 
pipes. Straw, from its fibrous character, is an excellent non-conductor of 
heat, and is for this reason extensively used by gardeners for incasing plants 
and trees which are exposed to the extreme cold of winter. 

„ ^ Snow protects the soil in winter from the effects of cold in 

How does snow .. "^ , . « , , , . , , , , 

protect the the same way that fur and wool protect ammals, and cloth- 
earth from jjj~ jjjan. Snow is made up of an infinite number of littlo 
cold? , , . , . ... 

crystals, which retam among their mterstices a large amount 

of air, and thus contribute to render it a non-conductor of heat. A covering 
of snow also prevents the earth firom throwing off its heat by radiation. The 
temperature of the earth, therefore, when covered with snow, rarely descends 
much below the freezing-point, even when the air is fifteen or twenty de- 
grees colder.* Thus roots and fibers of trees and plants, are protected from a 
destructive cold. 

499. Clothinjr is considered warm or cool ac- 

Under what _. ..° _ j* -i- ^ ^i 

circumstances cordiDg as it impedcs or lacilitates the passage 
Bid.red warm of hcat to or from the surface of our bodies. 
The finer the cloth, the more slowly it con- 
ducts heat. Fine cloths, therefore, are warmer than 
coarse ones. 

Woolen substances are worse conductors of heat than cotton, cotton than 
silk, and silk than linen. A flannel shirt more effectually intercepts heat 
than cotton, and a cotton than a Uncn one. 

The sheets of a bed feel colder than the blankets, because they are better 
conductors of heat, and carry off the heat more rapidly from the body, the 
actual temperature of both, however, is the same. For the same reason, a 
linen handkerchief is cooler and more agreeable to the fece than a cotton one. 

Cellars feel cool in summer, and warm m winter, because the external air 

* " Few can realize the protecting valae of the warm coverlet of snow. No eider-down 
In the cradle of an infant is tacked in more kindly than the sleeping-dress of winter about 
the feeble flower-life of the Arctic regions. The first warm snows of August and Septem- 
ber, falling on a thickly-blended carpet of grasses, heaths and willows, enshrine the 
flowery growths which nestle around them in a non-conducting air-chamber ; and as 
each successive snow increases the thickness of the cover, we have, before the intense cold 
of winter sets in, a light cellular bed, covered by drift, six, eight, or ten feet deep, in 
which the plant retains its vitality. The frozen sub-soil does not encroach upon this nar- 
row cover of vegetation. I have found, in mid-winter, in the high latitude of 78°, the 
surface so nearly moist as to be friable to the touch ; and on the ice-floes commencing 
with a surface temperature of 30° below zero, I found, at two feet deep, a temperature of 
8° below zero, at four feet 2° above zero, and at eight feet 26° above zero. My experi- 
ments prove that the conducting power of snow is proportioned to its compression by 
winds, rains, drifts, and congelatlon.*'-~D». J^ake's Second ArcUo EapediUim, 
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principle are 
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and fire-proof 
safes con- 
structed? 



has not free access into thorn ; in consequence of which they remain almost at 
an even temperature, which in summer is about 10 degrees colder, and in 
winter about 10 degrees warmer than the external air. 

500. Refrigerators, used for the preservation of animal and 
vegetable substances in warm weather, are double-walled 
boxes, with the spaces between the sides filled with powdered 
charcoal, or some other porous, non-conducting substance. 
The so-called "fire-proof" safes are also constructed of 
double or treble waUs of iron, with intervening spaces between them filled 
with gypsum, or " Plaster of Paris." This lining, which is a most perfect 
non-conductor, prevents thQ heat from passing from the exterior of the safe 
to the books and papers within. The idea, of applying ** Plaster of Paris" in 
this way for the construction of safes, originated, in the first instance, firom a 
workman attempting to heat water in a tin basin, the bottom and sides of 
which were thinly coated with this substance. The non-conducting proper- 
ties of the plaster were so great as to almost entirely intercept the passage of 
the heat, and the man, to his surprise, found that the water, although direcUy 
over the fire, did not get hot. 

501. It has been already stated that liquids and gases 
are non-conductors of heat, and can not well be heated, 
like a mass of metal, or any solid, by the communication 
of heat from particle to particle. 

This peculiarity is owing to the mobility 
which subsists among the particles of all fluids, 
and to the change in the size of the particles, 
which iii invariably produced by a change in 
their temperature. 

The constituent particles of solid bodies being incapable of changing their 
relative position and arrangement, the heat can only pass through them, fix)m 
particle to particle, by a slow process ; but when the particles forming any 
stratum of liquid are heated, their mass, expanding, becomes 
lighter, bulk for bulk, than the colder stratum immediately 
above it, and ascends, allowing the superior strata to descend. 

How is water 502. Whcu the hcat enters at 
made hot? ^j^^ bottom of a vcsscl Containing 
water, a double set of currents is immediately 
established — one of hot particles rising to- 
ward the surface, and the other of colder par- 
ticles descendint*; to the bottom. The por- 
tion of liquid which receives heat from below 
is thus continually diffused through the other 
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parts, and the heat is communicated by the motion of the 
particles among each other. 

These currents take place so rapidly, that if a thermometer be placed at 
the bottom and another at the top of a long jar, the fire being applied below, 
the upper one will begin to rise almost as soon as the lower one. Tlie 
movement of the particles of water in boiling will be understood by reference 
to Fig. 200. They may bo rendered visible by adding to a flask of boiling 
water a few small particles of bituminous coal, or flowers of sulphur. 

Air and other gases are heated in precisely the same manner as water, 
and this method of communicating heat is termed convection. 

Heat, however, passes by conduction between the particles of both liquids 
and gases, but to such a slight extent, that they were for a 'long time re- 
garded as entirely incapable of conducting heat. 

In what man- y) 503. Thc proccss of cooling in a liquid is 
SSiid? ^'^"^*^ Girectly the reverse of that of heating. The 
particles at the eurfiice, by contact with the 
air, readily lose their heat, become heavier, and sink, while 
the warmer particles below in turn rise to the surface. 

To heat a liquid, therefore, the heat should bo applied at the bottom of 
the mass ; to cool it, the cold should be applied at the top, or surface. 

The facility with which a liquid may be heated or cooled depends in a great 
degree on the mobility of its particles. Water may be made to retain its 
heat for a long time by adding to it a small quantity of starch, the particles 
of which, by their viscidity or tenacity, prevent the free circulation of the 
heated particles of water. For the same reason soup retains its heat longer 
than water, and all thick liquids^ like oil, molasses, tar, etc., require a consid- 
erable time for cooling. 

„ . ., 504. When the hand is placed near a hot body suspended 

phenomena of in the air, a sensation of warmth is perceived, even for a 
radiation. considerable distance. If the hand be held beneath the body, 

the sensation will be as great as upon the sides, although the heat has to 
shoot down through an opposing currer.t of air approaching it. This effect 
does not arise from the heat being conveyed by means of a hot current, since 
all the heated particles have a uniform tendency to rise ; neither can it de- 
pend upon the conducting power of the air, because aeriform substances pos- 
sess that power in a very low degree, while the sensation in the present case 
is excited almost on the instant. This raetliod of distributing heat, to dis- 
tinguish it from heat papsing by conduction, or convection, is called radiation, 
and heat thus distributed is termed radiant, or radiated heat. 

Ts „ V :., 505. All bodies radiate heat in some meas- 

Do nil bodies 

radiate heat urc, but not all cquallv well : radiation beino: 

equally well ?.' . ^ ' /»i ,.. 

in proportion to the roughness of the rjuliatmg 
surface. All duU and dark substances are, for the most 
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part, good radiators of heat ; "but bright and polished sub- 
stances are generally bad radiators.* Color, however, 
alone, has no effect on the radiation of heat. 

If a metal surlaoe be scratched, its radiating power is increased. A liquid 
contained in a bright, highly-polished metal pot, will retain its heat much 
longer than in a doll and blackened one. This is not due to the polish or 
brightness of the surface, but to the fact that, by polishing, the surfiice is ren- 
dered dense and smooth, and such surfaces do not allow the heat to escape 
readily. If we cover the polished metal surface with a thin cotton or linen 
cloth, so as to render the surface less dense, the radiation of heat, and conse- 
quent cooling, wiU proceed rapidly. 

Black lead is one of the best known radiators of heat, and on this account 
is generally employed for the blackening of stoves and hot-air flues. As a 
high polish is un&vorable to radiation, stoves should not be too highly polished 
with this substance. 

Heat radiated from the sun is all radiant heat 

506. Heat is propagated through space by 

How is heat .. . . , ^ , f ^. , ?, r^ ./ 

propagated by radiatiou lu Straight lines, and its intensity 

radiation? • t.>i ^ i«i 

vanes according to the same law which governs 
the attraction of gravitation, that is, inversely as to the 
square of the distance.f 

Thus the heatmg effects of any hot body is nine times less at three feet than 
at one; sixteen times less at four foet; and twenty-flve times less at five. 

The velocity with which radiant heat moves through space 
iSd* dSi^Ial ia, in all probabiUty, the same as the velocity of light. Somo 
diant heat authorities, however, consider it to be only four fifths of that 
of light, or about 164,000 mUes in a second of time. 

Does radiation 507. The radiatiou of heat goes on at all 
?toS^^froS*Si times, and from all surfaces, whether their 
^^*°^' temperature be the same or different from 

that of surrounding objects : therefore the temperature 
of a body falls when it radiates more heat than it absorbs; 
its temperature is stationary when the quantities emitted 
and received are equal ; and it grows warm when the ab- 
sorption exceeds the radiation. 

• The action of a blackened surface of tin being asguroed as 100, it has been found that 
that of a steel plate was 15 ; of clean tin, 12 ; of tin scraped bright, 16 ; when scraped with 
the edge of a fine file in one direction, ?6; when scraped again across, about 13; a sur- 
face of clean lead, 19 ; covered with a gray crust, 45 ; a thin crust of isinglass, 80 ; rosin 
96 ; writing-paper, 98 ; ice, 85. 

t It is an exceedingly curious fact that this law applies to all physical influences that 
spread jfrom a center, such as gravitation, heat, light, electrical forces, magnetism and 
mmnd ; and to all central forces, when not weakened by any resiftance or opposing foree. 
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If a body, at anj temperatare, be placed among other bodies, it will affect 
their oonditioo of temperature, or as we express it, IhermaUy ; just as a candle 
brought into a room illuminates all bodies in its presence ; with this dififerenoe, 
bowever, that if the candle be extinguished, no more light is diffused hy it ; 
but no body can be thermally extinguished. All bodies, howerer low be 
fheir temperatura, contain heat, and therefore radiate it 

If a piece of ice be held before a thermometer, it wtlEL cause 
JP'y <^Se * *^® mercury in its tube to fiill, and henoe it has been sup- 
sink vhen poeed that the ice emitted rays <^ odld. This supposition is 
^Qgfat ofstf erroneous. The ice and the thermometer both radiate hea^ 

and each absoibs more or less of what the other radiates to- 
ward it But the ice, being at a lower temperature than the thermometer, 
radiates less than the thermometer, and therefore the thermometer absorbs 
less than the ice, and consequently falls. If the thermometer placed in the 
presenoe of the ice had been at a lower temi)erature than the ice, it would, 
&fr like reasons^ have risen. The ice in that case would have warmed the 
thermometer. 

What do ve ^^' ^^^^a'^oos, or effects which are propagated in straight 
moui bj nym lines only (such as light and radiant heat), are most conve- 
o^^heat or njently considered by dividing them into innumerable straight 

lines, Oft rays; not that tiiere are any such divisions in nature, 
but they enable us more readily to comprehend the nature of the phenomena 
with which these principles are ccMioemed. 

When ndiant 510. When lays of beat radiated from one 
ft?*i4rfSc?rf body fall upon the surface of another body, they 
ma^f/ie'^ may bo disposed of in three ways: 1. They 
P**^"^' may rebound from its surface, or be reflected ; 

2. They may be received into its surfece, or be absorbed ; 

3. They may pass directly through the substance of the 
body, or be transmitted. 

511. A ray of heat radiated from the Bur- 
ner is heat re- facc of a body proceeds in a straight line until 
it meets a reflecting surface, from which it 
rebounds in another straight line, the direction of which 
is determined by the law that the angle of incidence is 
equal to the angle of reflection. 

The manner in which heat is reflected is strikingly shown by taking two 
concave mirrors, M and N, Fig. 201, of bright metal, about one foot in diameter, 
and placing them exactly opposite to each other at a distance of about ten 
feet In the focus of one mirror, as at A, is placed a heated body, as a mass 
of red hot iron, and in the focus of the other mirror, as at B, a small quantity 
of gunpowder, or a piece of phosphorus. The rays of heat, radiated in diverg- 
mg lines from the hot metal, strike upon the sur&ce of the mirror M, and are 
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reflected by it in parallel lines to the surface of the opposite mirror, N, where 
they will be caused to" converge to its focus, B, and ignite the powder ar 
phosphorus at that point. 

FiQ. 201. 





— . , - 512. Polished metallic surfaces constitute 
reflectors of the bcst reflcctors of heat ; but all bright and 
light colored surfaces are adapted for this pur- 
pose to a greater or less degree.* 

Water requires a longer time to become hot in a Imghi tin vessel than in a 
dark colored one, because the heat is reflected from the bright surface, and 
does not enter the vessel. 

How does the 513. The power of absorbing heat varies 
Kng^'^heit with almost every form of matter. Surfaces 
^'^' are good absorbers of beat in proportion as 

they are poor reflectors. The best radiators of heat also 
are the most powerful absorbers, and the most imperfect 
reflectors. 

Dark colors absorb heat from the sun more abundantly than light onesL 
This may be proved by placing a piece of black and a piece of white cloth 
upon the snow exposed to the sun ; in a few hours the black cloth will have 
melted the snow beneath it, wliile the white cloth will have produced little 
or no effect upon it. 

The darker any color is, the warmer it is, because it is a better absorbent 
of heat. The order may be thus arrant : 1, black (warmest of all) ; 2, violet ; 
3, mdigo ; 4, blue ; 5, green ; 6, red ; 7, yellow ; and 8, white (coldest of all). 

• Of too rays falllnR at an anple of GO" from the perpondicular, polished j^old will reflect 
76 / silver 62; brasH, 62 ; brass without polish, 52 ; polished'brasa vtmiKhod, 41 ; looking- 
glass, 20 ; glass plate blackened oa the back, 12 ; and metal plate blackened, G. 

10* 
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A piece of brown paper submitted to the action of a burning-glass, ignites 
much more quickly than a piece of white paper. The reason of this is, that 
the white paper reflects the rays of the sun, and though but slightly heated 
appears highly luminous ; while the brown paper, which absorbs the rays, 
readily becomes heated to ignition. For the same reason a kettle whose bot- 
tom and sides are covered with soot, heats water more readily than a kettle 
whose sides are bright and clean. 

Light-colored febrics are most suitable for dresses in summer, since they 
reflect the direct heat of the sun, and do* not absorb it; black outside gar- 
ments, on the contrary, are most suitable for winter, as they absorb heat 
readily, but do not reflect it 

Hoar-frost, in the spring and autumn, may be observed to remain longer 
in the presence of the morning sun, on light-colored substances than upon the 
dark-colored soil, etc. ; the former do not absorb the heat, as the dark-colored 
bodies do, but reflect it, and in consequence of this they remain too cold to 
thaw the frost deposited upon their surfaces. 

, 514 Air absorbs heat very slowly, and does not readily 

inosphere heat- part with it.* Air rarely radiates heat, and is not heated to 
«^ ^ great extent by the direct rays of the sun. The sun, however, 

heats the surface of the earth, and the air resting upon it is heated by contact 
with it, and ascends, its place being supplied by colder portions, which in turn 
are heated also. 

This reluctance of air to part with its heat occasions some very curious dif 
ferences between its burning temperature and that of other bodies. Metals, 
which are generally the best conductors, and therefore communicate heat 
most readily, can not be handled with impunity when raised to a temperature 
of more than 120° F. ; water becomes scalding hot at ISO® F. ; but air ap- 
plied to the skin occasions no very painful sensation when its heat is fisir be- 
yond that of boiling water. 

Some curious experiments have been made in reference to the power of the 
human body to withstand the influence of heated air. Sir Joseph Banks en- 
tered an oven heated 52° above the boiling point, and remained there some 
time without inconvenience. During the time, eggs, placed on a metal frame, 
were roasted hard, and a beefsteak was overdone. But though he could 
thus bear the contact of the heated air, he could not bear to touch any metal- 
lic substance, as a watch-chain, money, etc. Workmen, also, enter ovens, 
in the manufacture of molds of plaster of Paris, in which the thermometer 
stands 100° above the temperature of boiling water, and sustain no injury. 

In what man- 515. Hcat, ill passing through most sub- 
tSnOTitted^** stances, or media, is retained, or intercepted 
*ntrateti^'f ^^ ^*® passage in a greater or less degree. The 
capacity of solids and liquids for transmitting 
heat is not always in proportion to their transparency, or 
capacity for transmitting light. 
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516. The heat of the sun passes through transparent 
bodies without loss ; but heat from terrestrial sources is 
in great part arrested by many substances which allow 
light to pass freely, — such as water, alum, glass, etc. 

Thus, a plate of glass held between one's face and the sun will not protect 
it^ but held between the face and a lire, it will intercept a large proportion of 
the heat. 

617. Those substances which allow heat to pass freely 
through them, are called di(Uhermanou8j and those which 
retain nearly all the heat they receive, are called ather- 
manous. 

Rock-salt allows heat to pass through it more readily than any other known 
substance ; while a thin plate of alum, which is nearly transparent, almost 
entirely intercepts terrestrial heat Heat, indeed, will pass more readily 
through a black glass, so dark that the sun at noon is scarcely discernible 
through it, than through a thin plate of clear alum. Water is one of the least 
dlathermanous substances, although its transparency is nearly perfect I^ 
therefore, it is desired to transmit light without heat, or with greatly dimin- 
ished heat, it is only necessary to let the rays pass through water, by which 
they will be strained of a great part of their heat 

How does tiie ^* ^^ ^'^^^ found that the power of heat to penetrate a 
temperatareof dense, transparent substance, is increased in proportion as the 
fng^heat Offset to^psrature of the body from which it is radiated is increased. 
its transmis- Heat, also, accompanied by light, is transmitted more readily 
*^**^' than heat without light 

Is a ray of solar *^®' ^^** ^^^ ^^^^* ^"*® *® "" conjointly from the Bun. 
heat simple or When a ray of light is caused to pass through a prism it is 
itemSur^? ^ analyzed or separated into i»even brilliant colors, or element- 
ary parts. If the heat ray which accompanies the light is 
treated in a similar manner, our organs of sight are so constituted that we 
ao not discover any separation to have taken place in it It is, however, es- 
tablialied beyond a doubt, that in the same manner as a ray of white light 
can be modified and divided, so a ray of radiant heat can be separated into 
parts possessing qualities corresponding to the various colors. 

SECTION III. 

THE EFFECTS OY HEAT. 



What effect 



_^ 519. The general and most obvious effect of 

dS^^iJlJi/^^ ^^^* ^P^^ material substances, is to expand 
bodies? them, or increase their dimensions. 
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iBfhefonnof 620. The form of all bodies appears to be 
Sn^^****u^n entirely dependent on heat ; by its increase 
solids are converted into liquids, and liquids 
into vapor ; by its diminution vapors are condensed into 
liquids, and these in turn become solids. 

If matter ceased to be influenced by heat, all liquids^ vapors, and doubtless 
even gases, would become permanently solid, and all motion on the sur&ce of 
|he earth would be arrested. 

What are the ^21. The thrcc most apparent effects of 
^^t^^'ifltete t^fi-t, so far as relate to the form and dimen- 
ofhoat? gjQQQ ^f bodies, are Expansion, Liquefaction, 

and Vaporization. 

Heat operates to produce expansion by introducing a repulsive £)rce among 
the particles of the body it pervades. This repulsive force, in the case of 
solids, weakens or overcomes the attraction of cohesion, and gives to the par- 
ticles of all matter a tendency to separate, or increase their distance from one 
another. Hence the general mass of the body is made to occi:^y a larger 
space, or expand. 

inwhatbodiM ^22. The expansion occasioned by heat is 
dnSSfe'g^at- gTcatcst iu thoso bodics which are the least in- 
est expanrfou? fluenccd by the attraction of cohesion. Thus 
the expansion of solids is comparatively trifling, that 
of liquids much greater, and that of gases very consid- 
erable. 

Do bodies con- 523. The cxpansiou of the same body will 
^nd M i^g continue to increase with the quantity of heat 
M^heat enteni ^j^^^ cutcrs it, SO loDg as the form and chemi- 
cal constitution of the body is preserved. 
524. Among solids the metals expand the most ; but 
an iron wire increases only 1-282 in bulk when heated from 
32° of the thermometer up to 212. 

Solids appear to expand uniformly from the freezing point of water up to 
•212°, the boiling point of water ; — that is to say, the increase of volume which 
attends each degree of temperature which the body receives is equal. When 
solids are elevated, however, to temperatures above 212°, they do not dilate 
uniformly, but expand in an increasing ratio. 

The expansion of solids by heat is dearly shown by the following experi- 
ment^ Fig. 202 : m represents a ring of metal, through which, at the ordinary 
temperature, a small iron or copper ball, a, will pass freely, this ball bemg a 
little less than the diameter of the ring. If this ball be now heated by the 
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What applica- 
tions of the 
expansion of 
solids bj heat 
ard- made in 
the arts? 




With what de- 
gree of force 
do bodies ex- 
pand and con- 
tract? 



flame of an alcohol lamp, it will become so Fia. 202, 

far expanded by heat as no longer to pass 
through the ring. 

The expansion of solids 

by heat is made applicable 

for many useful purposes in 

the arts. The tires of wheels, 

and hoops surrounding 
water-vats, barrels, etc., are made in the 
first instance somewhat smaller than the 
frame- work they are mtended to surround. 
They are then heated red hot and put on 
in an expanded condition ; on cooling, they 

contract and bind together the several parts with a greater force than could 
be conveniently applied by any mechanical meana In like manner, in con- 
atructmg steam-boilers, the rivets are festened while hot, in order that they 
may, by subsequent contraction, fasten the plates together more firmly. 

525. The force with which bodies expand 
and contract under the influence of the in- 
crease or diminution of heat, is apparently- 
irresistible, and is recognized as one of the 
greatest forces in nature. 

The amount of force with which a solid body will expand or contract is 
equal to that which would be required to compress it through a space equal 
to its expansion, and to that which would be required to stretch it through a 
space equal to its contraction. Thus, if a pillar of metal one hundred inches 
in height, being raised in temperature, is augmented in height by a quarter 
of an inch, the force with which such increase of height is produced is equal 
to a weight which being placed upon the top of the pillar would compress it 
so as to diminish its height by a quarter of an inch. 

In the same manner, if a rod of metal, one hundred inches m length, bo 
contracted by diminished temperature, so as to render its length a quarter of 
an inch less, the force with which this contraction takes place is equal to that 
which being appUed to stretch it would cause its length to bo increased by a 
quarter of an inch. 

This principle is sometimes practically applied when great mechanical force 
is required to be exerted through small spaces. Thus walls of buOdings 
which, from a subsidence of the foundation, or an unequal pressure, have been 
thrown out of their perpendicular position, and are in danger of falling, may 
be restored in the following manner : A series of iron rods are carried across 
the buildmg, passing through holes in the waUs, and secured by nuts on the 
outside. The rods are then heated by lamps until they expand, thereby 
causing their ends to project beyond the building. The nuts with which 
these extremities are provided are then screwed up unta they are in close 
contact with the outside wall, the lamps are then withdrawn and the rods 
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aHowed to oooL In cooling thej gradually contract and bj their contrac- 
tion draw up the waUs. 

On account of the expansion of metal by heat, the successive rails which 
compose a line of railway can not be placed end to end, but a small space is 
left between their extremities for expansion. 

A stove snaps and crackles when a fire is first kindled in it, and also when 
the fire in it is extinguished. This noise is occasioned bj the expansion and 
contraction of the several parts consequent on the increase and diminution of 
heat 

A glass or earthen vessel is liable to break when hot water is poured 
into it on account of the unequal expansion of the inner and outer sur&ces. 
Glass and earthen ware being poor conductors of heat ^^ inner sur&ces 
m contact with the hot water become heated and expand before the outer are 
affected; the tendency of this is to warp or bend the sides unequally, and as 
the brittle material can not bend, it breaks. 

Nails in old houses are often loose and easily drawn out ; the iron expands 
in summer and contracts in winter more than the wood into which it has 
been driven, and thus in time the opening is enlarged. 

When the stopper of a decanter or smelling-bottle sticks, a doth dipped in 
hot water, and applied to the neck of the bottle ^^ill frequently loosen it, since 
by the heat of the cloih its dimensions are expanded and enlarged. 

The tone of a piano is higher in a cold than in a warm room, for the reason 
that the strmgs, being contracted by cold, are drawn tighter. 

™ ^ . *^26. Liquids expand throuoch the aorency of 

To what extent I • ^ \ o i 

do liquids ex- heat more unequally, and to a mucn greater 
degree than solids. 
A column of water contained in a cylindrical glass 
vessel will expand ^j in length on being heated from 
the freezing to the boiling point, while a column of 
iron, with the q^me increase of temperature, will expand 
only sij. 

A familiar illastration of the expansion of water by heat is seen in the orer- ' 
flow of fall vessels before boiling commences. Different liquids expand very 
unequally with an equal increase in temperature. Spirits of wine, on being 
heated from 32<* to 212*>, increase one ninth in bulk ; oil expands about one 
twelfth ; water, as before stated, about one twenty-third. A person buying 
oil, molasses and spirits in winter, will obtain a greater weight of the same 
material in the same measure than in summer. Twenty gallons of alcohol 
bought in January, will, with the ordinary increase of temperature, become, 
by expansion, twenty-one gallons m July. 

What pecuii- 527. Water, as it decreases in temperature 
J»nSon**^doe8 toward thc freezing point, exhibits phenomena 
water exhibit? ^i^ch are whoUy at variance with the general 
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law that bodies expand by heat and contract by cold, or 
by a withdrawal of lieat.* 

As the temperature of water is lowered, it continues to contract until it 
arrives at a temperature of 39° F., when all further contraction ceases. The 
volume or bulk is observed to remain stationary for a time, but on lowering 
the temperature still more, instead of contraction, expansion is produced, and 
this expansion continues at an increasing rate until the water is congealed. 
At the moment also of its conversion into ice, it undergoes a still further 
expansion. 

,^ . 528. Water attains its c-reatest density, or 

of the greatest the gFcatcst quantity is contained in a given 
bulk, at a temperature of 39° F. 

As the temperature of water continues to decrease below 39°, the point of 
its greatest density, its particles, from their expansion, necessarily occupy a 
larger space than those which possess a temperature somewhat more elevated. 
The coldest water, therefore, being lighter, rises and floats upon the surface 
of the warmer water. On the approach of winter this phenomenon actually 
takes place in our lakes, ponds and rivers. When the surfece-water becomes 
>guflSciently chilled to assume the forth of ice, it becomes still lighter, and con- 
tinues to float. By this arrangement, water and ice being almost perfect 
non-conductors of heat, the great mass of the water is protected froln the 
influence of cold, and prevented from becoming chilled throughout 

If water constantly grew heavier as its temperature diminished (as is the 
case with most liquids), the colder particles at the surface would constantly 
sink, until the whole body of water was reduced to the freezing point. Again, 
if ice was not lighter than water, it would sink to the bottom, and by the 
continuance of this operation, a river or lake would soon become an immense 
solid mass of ice, which the heat of summer would be insufficient to dissolve. 
The temperate regions of the earth would thus be rendered uninhabitable. 
Among all the phenomena of the natural world, there is no more striking 
illustration of the wisdom of the Creator, and of the evidences of design, than 
in this wonderful exception to a great general law. 

Wh do 8 wa- '^® expansion bf water at the moment of freezing is attrib- 
tcr expand in uted to a new and peculiar arrangement of its particles. Ice 
freezing? jg^ ^^ reality, crystallized water, and during its formation the 

particles arrange themselves in ranks and lines which cross each other at 
■ angles of 60° and 1 20®, and consequently occupy more space than when 
liquid. This may be seen by examining the surface of water in a saucer while 
freezing. 

A beautiful illustration of this crystallization of water in freezing is seen in 
the frost-work upon windows in winter, caused by the congelation of the 
vapor of the room when it comes in contact with the cold surfece of the glass. 

• A few other liquids besides wat^r expand with a reduction of temperatnre. Fused 
iron, antimony, zinc, and bisrauth, are examples of such expansion. Mercury is a re- 
fnarkable instance of the reverse, for when it freezes, it Buffers a very great contraction. 
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All these firost-work figures are limited by the laws of crystaUization, and the 
lines which bound them, form among themselves no angles but those of 
30® 60°, and 120o. If we fi:acture thin ice, by allowing a pole or weight to 
fall upon it, the fracture will have more or less of regularity, being generally 
in the form of a star, with six equi-distant radii, or angles of 60^. 

629. The force exerted by the expansion of water m the 
force doeTwa- ^°* of fireezing is veiy great. As an illustration, the following 
ter expand in experiment may be quoted : — Cast-iron bomb-shells, thirteen 

eesing inches in diameter and two inches thick, were filled with wa- 

ter, and their apertures or fuse-holes firmly plugged with iron bolts. Thus 
prepared, they were exposed to the severe cold of a Canadian winter, 
at a temperature of about 19° below zero. At the moment the water 
froze, the iron plugs were violently thrust out, and the ice protruded, and 
in some instances the shells burst asunder, thus demonstrating the enor- 
mous interior pressure to which they were subjected by water assuming a 
solid state. 

The rounded and weather-worn appearance of rocks is mainly due to the 
expansion of freezing water, which penetrates into their fissures, and is ab- 
sorbed into their pores by capillary attraction. In freezing, it expands and 
detaches successive fragments, so that the original sharp and abrupt outline is 
gradually rounded and softened down. 

The bursting of earthen water vessels, and of water pipes, by the freezing 
of water contained in them, are familiar illustrations of the same principle. 

By aUowing the water to run in a service-pipe, we prevent its freezing, be- 
• cause the motion of the current prevents the crystals from forming and 
attaching themselves to the sides of the pipe. 

At luit te . ^^^* "^^ ordinary temperature at which water freezes is 
peniture doeB 32°, Fahrenheit's thermometer. This rule applies only to 
water freeze f ^^^ water ; salt water never freezes until the surface is cooled 
down to 27°, or five degrees lower than the freezing point of winter. 

Under some circumstances pure water may be cooled down to a tempera- 
ture much below 32° without freezing. Thus, if pure, recently-boiled water, 
be cooled very slowly and kept very tranquil, its temperature may be low- 
ered to 21° without the formation of ice; but the least motion causes it to 
congeal suddenly, and its temperature rises to 32°. 

531. The ice produced by the freezing of sea or salt water 
ice produced IS geuerally fresh and free from salt, since water in freezing, 
in of ^Baitwal ^ sufl&cient freedom of motion be allowed to its particles, ex- 
t€r free from pels all impurities and coloring matters. The ice^ formed in 
"*^'' the congelation of a solution of indigo is colorless, since the 

water in which the indigo was dissolved expels the blue coloring matter in 



What is the 



Blocks of ice are generally filled with minute air-bubbles;- 
origTn of the this is owing to the fact that the water in freezing expels the 
minute bubbles ^ir contained in it, and many of the liberated bubbles become 
lodged and imbedded in the thickemng fluid. 
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In what man- 532. Gascs and aeriform substances expand 
^dby^u l-490th of the btdk which they possess at 32° 
for every degree of heat which they receive 
above that point, and contract in the same proportion for 
every degree of heat withdrawn from them. 

Thus, 490 cubic inches of air at 32° would so expand as to occupy an inch 
more space at 33°, and by the addition of another degree of heat, raising its 
temperature to 34° it would occupy an additional inch, and so on. In a like 
mknner, by the withdrawal of heat, 490 cubic inches of air would occupy an 
inch less space at 31° than at 32° ; two mches less at 30° and so on. The 
same law holds good for all other gases, and for yapors and steam. 

Illustrations of the expansion of air by heat are most familiar. If a bladder 
partially filled with confined air be laid before the fire, the air contained in it 
may be expanded to a degree sufficient to burst the bladder. Chestnuts laid 
upon a heated surfece, burst with a loud report on account of the expansion 
of the air within their shells. The process of warming and ventilating build- 
ings depends entirely upon the application of this principle of the expansion 
and contraction of air by the increase and diminution of heat 

How may the 533. As the magnitude of every body changes 
S?bS^Sn* of '^tt t^© lieat to which it is exposed, and as 
pS^tS* S£ tl^e same body, when subjected to calorific in- 
ShStl™*°* fluences under the same circumstances has al- 
ways the same magnitude, the expansions and 
contractions which are the constant effects of heat, may be 
taken as the measure of the cause which produced them. 
What are the 534. The instruments for measuring heat 
mSSriS^tSt ^® Thermometers and Pyrometers. The for- 
**^«*^ mer are used for measuring moderate tempera- 

tures ; the latter for determining the more elevated de- 
grees of heat. 

liquids are better adapted than either solids or gases for measuring the 
effects of heat by expansion and contraction ; since in solids the direct ex- 
pansion by heat is so small as to be seen and recognized with difficulty, and 
in air or gases it is too extensive, and too liable to be affected by variations 
in the atmospheric pressure. From both of these disadvantages liquids are 
free. 

The liquid generally ^used in the construction of thermometers is mercury, 
or quicksilver. 

Mercury possesses greater advantages for this purpose than 
cu^eipecSuy ^7 o^ier liquid. It is, in the first place, eminently dis- 
adapted for the tinguished for its fluidity at all ordinary temperatures; it 
thennometen? is, in addition, the only body in a liquid state whose va- 
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nations in volume, or magnitude, through a considerablo range of tempe- 
rature are exactly uniform aud proportional with every increase and dim- 
inution of heat. Mercury, moreover, boils at a higher temperature than 
any other liquid, except certain oils; and, on the other hand, it freezes at 
a lower temperature than all other liquids, except some of the most vola- 
tile, such as ether and alcohol Thus a mercurial thermometer will have a 
wider range than any other liquid thermometer. It is also attended with 
this convenience, that the extent of temperature included between melting 
ice and boiling water stands at a considerable distance from the limits of its 
range, or its freezing and boiling points. 

Describe the 535. The mercurial thermometer coiisists cs- 
Somete?!*^''" sentially of a glass tube with a bulb at one 
end, partially filled with mercury. The mer- 
cury introduced through an opening in the end of the 
tube is afterward boiled, so as to expel all air and moist- 
ure, and fill the tube with its own vapor. The open end 
of the tube is then closed, by fusing the glass, and as the 
mercury cools it contracts, and collects in the bulb and 
lower part of the tube, leaving a vacuum above, through 
which it may again expand and rise on the application of 
heat. In this condition the thermometer is complete, 
with the exception of graduation. 

^ ■ 536. As ehermometers are constructed of dififerent dimen- 

Howare ther- . , .... , , « ^ i 

mometerB gra- sions and capaaties, it is necessary to have some fixed rules 

duated? f^^ graduating them, in order that they may always indicate 

the same temperature under the same circumstances, as the freezing-point, for 

example. To accomplish this end the following plan has been adopted : — 

The thermometers are first immersed in melting snow or ice. The mercury 

will be observed to stop in each thermometer-tubo at a certain height ; these 

heights are then marked upon the tubes, • Now it has been ascertained that 

at whatever time and place the instruments may be afterw;ard immersed in 

melting snow or ice, the mercury contained in them will always fix itself at 

the point thus marked. This point is called the freezing pomt of water. 

Another fixed point is determined by immersing the instruments in boiling 

water. It has been found that at whatever time or place the instruments 

are immersed in pure water, when boiling, provided the barometer stands at 

the height of thirty inches, the mercury will always rise in each to a certain 

height This, therefore, forms another fixed point on the scale, and is called 

the boiUng point 

Thus far all thermometers are constructed alike. In the 

Sennometer^ thermometer most generally used, and which is known as 

of Fahrenheit Fahrenheit's, the intervals on the scale, between the freezing 

graduated? ^^ ^^jj.^^ ipomtB, are divided mtoaSO equal parts. This 
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division is similarly continued below the freezing point to 
the place 0, called zero, and each division upward from that 
is marked with the successive numbers 1, 2, 3, eta The 
freezing point will now be the 32d division, and the boiling 
point will be the 212th division. These divisions are called 
degrees, and the boiling point will therefore be 212°, and the 
freezing temperature, 32°. Fig. 203 represents the usual form 
of thermometer, with its graduated scale. 

Thermometers of this character are called Fahrenheit's, 
from a Dutch philosophical instrument-maker who first intro- 
duced this method of graduation in the year IT 24. 

What other 537. In addition to Fahrenheit's 

b^siSr^hren- thermometer, two others are ex- 
heit'surcuBed? tensively used, which are known 
as Reaumur's, and the Centigrade thermom- 
eter, or thermometer of Celsius. 

The only difference between these three 
kinds of thermometers is the difference in 
graduating the interval between the froeang 
and boiling points of water. Reaumur's is di- 
vided into eighty degrees, the Centigrade into 

one hundred, and Fahrenheit's into one hundred and eighty. 

According to Reaumur, water freezes at 0°, and boils at 80® ; 

according to Centigrade, it freezes at 0°, and boils at 100°; 

and according to Fahrenlieit, it freezes at 32°, and boils at 

212°; the last, very singularly, commences countmg, not 

at the freezing point, but 32° below it. 

The difference between these 



FlQ. 203. 



What consti- 
tates the dif- 
ference be- 
tween the dif- 
ferent varictieB 
of the ther- 
mometer ? 





instruments can be easily seen - .i% 

by reference to Fig. 204. J^j 

In England, Holland, and the 
United States, the thermometer .' - " A 
most generally used is Fah- ' ' 
renheit's. Reaumur's scale is used in Ger- 
many, and the Centigrade in France, Sweden, 
and some other parts of Europe. The scale 
of the Centigrade is by far the simplest and 
most rational method of graduation, and at the 
present it is almost universally adopted for 
scientific purposes. 

538. The thermometer was invented about 
the year 1600; but, like many other inven- 
tions, the merit of its discovery is not to be 
ascribed to one person, but to be distributed 



among many. 
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_ . ... 539. As the temperature is lowered, the mercury in Fah- 
great intensity renheit's thermometer gradually siuks, until it reaches a point 
ladicated f ggo bolow zero, where it freezes. Mercury, therefore, can not 

be made available for measuring cold of a greater intensity. This difl&culty 
is, however, obviated by using a thermometer filled with alcohol colored red, 
as this fluid, when pure, never freezes, but will continue to sink lower and 
lower in the tube as the cold increasea Such a thermometer is called a 
spirit thermometer. 

H i h t f ^^^* ^^ * Fahrenheit's thermometer be heated, the mercury 
great intensity contained in it will rise m the tube until it reaches 660<>, at 
meaBured ? which temperature it begins to boil A slight additional heat 

forms vapor sufiftcient to burst the tube. Mercury, therefore, can not be used 
to measure degrees of heat of greater intensity than 660° F. Temperatures 
greater than this are determined by means of the expansion of solids ; and 
instruments founded upon this principle are commonly called pjrrometers. 



Fig. 205. 




Fig. 206. 



E lai th ^^ construction of the pyrometer is represented in Fig. 

construction of 205. A represents a metaUic bar, fixed atone end, B,but 

the pyrometer, j^ft f^ee at the other, and in contact with the end of a pomter 

K, moving freely over a graduated scale. If the bar be heated by the flame 

of alcohol, the metal expands, and pressing upon the end of the pointer, moves 

it, in a greater or less degree. In this manner, the effect of heat, appUed for 

a given length of time, to bars of different metals, havipg the same length and 

diameter, may be determined. 

,—. ^ , 541. The first thermometer 

What is an , . , « 

air-thermome- Used consisted of a column of 

^^^ -air confined in a glass tube over 

colored water. Heat expands the air and in- 
creases the length of the column downward, 
pushing the water before it: cold produces a 
contrary effect. The temperature is thus indi- 
cated by the height at which the water is ele- 
vated in the tube. Fig. 206 represents the prin- 
ciple of the construction of the air-thermometer. 
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^ ,^ A thermometer does not infonn us how much heat any sub- 

Does a ihcT- '' 

mometer in- Stance contains, but it merely points out the difference in the 

^®"", "h t**^ temperature of two or more substances. All we learn by the 

substance con- thermometer is whether the temperature of one body is greater 

*^*°® ^ or less than that of another ; and if there is a difference, it is 

expressed numerically — ^namely, by the degrees of the thermometer. It must 

be remembered that these degrees are part of an arbitrary scale, selected for 

convenience, without any reference whatever to the actual quantity of heat 

present in bodies. 

After the ex- A 542. The first effect produced by heat upon 
soHdi^by heat, soKds is expausioii. If the heat be augmented, 
fectis'^nextohi ^^^7 changc their aggregate state and melt, 
served? qj. ^ecomc Hquid. Many solids become soft 

before melting, so that they may be kneaded ; for instance, 
wax, glass, and iron. In this position, glass can be bent 
and molded with facility, and iron can be forged or welded. 
whatisLique- ^43. By Liqucfaction we understand the 
faction? conversion of a solid into a liquid by the 
agency of heat, as solid ice is converted into water by the 
beat of the sun. 

Heat is supposed to convert a solid into a liquid, by forcing its constituent 
particles asunder to such an extent that the force of cohesion is overcome or 
destroyed. 

What is soiu- 544. When a solid is immersed in a liquid, 
*^**°^ and gradually disappears in it, the process 
is termed solution, and not liquefaction. A solution is 
the result of an attraction or affinity between a solid and 
a fluid ; and when a solid disappears in a liquid, if the 
compound exhibits perfect transparency, we have an ex- 
ample of a perfect solution. 

__. , , When a fluid has dissolved as much of a solid as it is 

Whenisasoln- ,,«,....,, , ., , 

tion said to he capable of domg, it is said to be saturated ; or, m other words, 

■aturated? ^j^g affinity or attraction of the fluid for the solid continues to 

operate to a certain point, where it is overbalanced by the cohesion of the 

soUd; it then ceases, and the fluid is said to be saturated. 

„ , A solution is a complete union ; a mixture is a mere me- 

Boiution differ chanical union of bodies. 

tur™t * ™^' ^^ °^°®* cases, the addition of heat to a liquid greatly in^ 

creases its solvent properties. Hot water will dissolve much 

more sugar than cold water ; and hot water will also dissolve many things 

which cold water is unable to aflect 
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What is va- 545. If hcat be imparted in sufficient quan- 
porization? ^j^y ^^ ^ ^^^y £^ ,^ Kquid State, it will pass into 

a state of vapor. Thus, water being heated sufficiently 
will pass into the form of steam. This change is called 
Vaporization. 

What is Con- 546. If a body in a state of vapor lose heat 
densatioa? ia sufficicut quftutity, it will pass into a liquid 
Etate. Thus, if a certain quantity of heat be abstracted 
from steam, it will become water. This change is called 
Condensation. 

The change from a state of vapor to a liquid is tenned condensation, be- 
cause, in so doing, the body always undergoes a very considerable diminution 
of volume, and therefore becomes condensed. Most solids become liquefied 
before they vaporize ; but some pass at once, on the application of heat, from 
the state of a solid to that of a vapor, without assuming the liquid condition. 

547. The melting of a solid, or its conver- 
lar tempera- bIou iuto a liquid, Only occurs when the solid 

tare requiBite » ^ . -t •/•■!• i i 

for the forma- IS heated Up to a ccrtaiu fixed point : but the 

tion of vapors? . n ^^ » ^ - . . t t 

conversion oi a liquid into a vapor takes place 
at all temperatures. 

If in a hot day we expose a vessel filled with cold water to the open air» 
we find that the quantity of water rapidly diminishes, that is, it evaporates, 
which means that it is converted into vapor and diffused through the au*. 

What is the S48- The vapor of water, and all other va- 
vSJot?"*** ®' pors, are invisible and transparent. The water 
which has become diffused through the air by 
evaporation only becomes visible when, on returning to its 
fluid condition, it forms mist, cloud, dew, or frost. 

Steam, which is the vapor of boiling water, is invisible, but when it comes 
in contact with air, which is cooler, it becomes condensed into small drops, 
and is thus rendered visible. 

The proof of this may be found in examining the steam as it issues from 
an orifice, or the spout of a boUing kettle : for a short space next to the open- 
ing no steam can be seen, since the air is not able to condense it; but as it 
spreads and comes in contact with a larger volume of air, the invisible vapor 
becomes condensed into drops, and is thus rendered visible. 

The visible matter popularly called steam, should be, therefore, distin- 
guished fi-om steam proper, or the aeriform state of water. The cloud, or 
smoke-like matter observed, is really not an air or vapor at all, but a collec- 
tion of minute bubbles of water, wafted by a current either of true steam, oi^ 
more fi^uently, of mere moist air. 
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The myriads of minute globules of water into which the steam is condensed 
are separately invisible to the naked eye, but each, nevertheless, reflects a 
minute ray of white light. The multitude of these reflecting i^oints, there- 
fore, make the space through which ihey are diffused appear like a cloudy 
body, more or less white, according to their abundance. 

The surface of any watery liquid, whose temperature is 
about 20° warmer than any superincumbent air, rapidly gives 
off true steam. It is not necessary, therefor^, for the produc- 
tion of steam that water should be raised to the boiling tem- 
perature. 

549. Air without vapor (theoretically called 
dry air) is not known to exist in nature, and is 
probably not producible by art. 

550. Liquids in passing into vapors occupy 
a much greater space than the substances from 
which they are produced. Water, in pass- 
ing from its point of greatest density into 

steam, expands to nearly 1700 times its volume. 

Fig. 207 represents the comparative 
volume of water and steam. 

551. Vapors are 
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density. The va- 
por of water may be as thin as 
air, or almost as dense as water. 

The opinion formerly prevailed that va- 
pors could not exist by themselves as 
such, but that they were dissolved in the 
air in the same way as salt is dissolved in 
water. The fallacy of this idea is proved 
by the feet that evaporation goes on more 
rapidly in a vacuum, where no substance whatever is present, than in the 
air. 

What circum- 552. Evaporatiou takes place from the sur- 
eSie*^vap^iSZ f^ces of bodies only, and is influenced in a 
^^^^ great degree by the temperature, dryness, still- 

ness, and density of the atmosphere. 

How d ste - ^^^ efifect of temperature in promoting evaporation may be 
perature infin- illustrated by placing an equal quantity of water in two sau- 
tion t evapora- ^^j^ qjjq q^ which is placed in a warm and dry, and the other 
in a cold and damp, situation. The former will be quite dry 
before the latter has suffered an appreciable diminution. 
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How does fhe "WTien water is coyered by a stratum of dry air, the evapo- 
Btate of the air ration is rapid, even when its temperature is low ; whereas it 
oration? ^*^ 8*^ ^^ ^^'y slowly if the atmosphere contains much vapor, 
even though the air be very warm. 

Evaporation is iar slower in still air than in a current The air imme- 
diately in contact with the water soon becomes moist, and thus a check is 
put to evaporation. But if the air be removed by wind from the sur&ce of 
the water as soon as it has become charged with vapor, and its place 
supplied with fresh air, then the evaporation continues on without inter- 
ruption. 

Evaporation is by no means confined to the surface of liquids; but takes 
place from the sur&ce of the soil, and from all animal and vegetable produc- 
tions. Evaporation takes place to a very considerable extent from the sur- 
face of snow and ice, even when the temperature of the air is &r below the 
freezing point 

What rinralar ^^^' "^ ^^^ singular circumstance is connected wifli the 
eircumstance dififusion of vapors throughout the atmosphere, viz. : that the 
with ttie°dM[h* vapors of all bodies arise into any space filled with air, in 
■ionof yaporsr the same manner as if idr were not present, the two fluids 
seeming to be independent of each other. 

Thus as much vapor of water can be forced into a vessel filled with air as 
into one from which the air has been exhausted. 

E lai th ^^^ When a drop of water falls upon a sur&oe highly 

phenomena of heated, as of metal, it will be observed to roll along the sur- 
al^ state" ^^of ^^ without adhering, or immediately passing into vapor, 
liquids. The explanation of this is, that the drop of water does not in 

reality touch the heated surface, but is buoyed up and sup- 
ported on a layer of vapor which intervenes between the bottom of the drop 
and the hot sur&ce.v This vapor is produced by the heat which is radiated 
from the hot substance, before the liquid can come in contact with it, and 
being constantly renewed, continues to support the drop. The drop generally 
rolls because the current of air which is always passing over a heated sur- 
fiwje drives it forward. The drop evaporates slowly, because the layer of 
vapor between the hot surface and the liquid prevents the rapid transmis- 
sion of heat The liquid resting upon a cushion of steam continually evolved 
from its lower surface by heat, assumes a rounded, or globular shape, aa the 
result of the gravity of its particles toward its own center. 

The designation which has been given to the condition which water and 
other hquids assume when dropped upon very hot surfeces, is that of the 
" spheroidal state." 

If the surfece upon which the liquid rests is cooled down to such an ex- 
tent that vapor is not generated rapidly, and in sufficient quantity to sup- 
port the drop, it will come in contact with the surfed, and heat being com- 
municated by conduction, will transform it instantly into steam. 

This is the explanation of the practice adopted by laundresses of touching 
ft fiat-iron with moisture to ascertain whether the Bur^e is sufficiently hot 
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If the temperatare of the iron is not elevated suffideDtly; the moisture wets 
the sur&ce, and is evaporated ; but at a higher degree of temperature, tho 
moisture is repelled. 

The phenomenon of the spheroidal condition of water furnishes an explana- 
tion of the feats often performed by jugglers, of plunging the hands with im- 
punity into molten lead, or iron. The hand is moistened, and when passed 
into the liquid metal the moisture is vaporized, and interposes between tho 
metal and the skin a sheath of vapor. In its conversion into vapor, the 
moisture absorbs heat, and thus still further protects the skm. 

What is ebai- ^55. When a liquid is heated sufficiently to 
"**""' form steam, the production of vapor takes 
place principally at that part where the heat enters ; and 
when the heating takes place not from above, but from 
the bottom and sides, the steam as it is produced rises in 
bubbles through the liquid, and produces the phenomenon 
of boiling, or ebullition. 

What is the ^56. The temperature at which vapor rises 
boiiingpoint? y^^Yi sufficient freedom to cause the phenome- 
non of ebullition, is called the boiling point. 
iB the hoiiing 557. Different liquids boil at different tem- 
Snuiqid?iSi peratures. The boiling point of a liquid is, 
■^»' therefore, one of its distinctive characters. 

Thus water, under ordinary circumstances, begins to boil when it is heated 
up to 212® F. ; alcohol at 173® ; ether at 96® ; syrup at 221<> ; linseed oil 
At 640®. 

The gentle tremor, or undulation, on the sur&oe of water 

meringf which precedes boiling, and which is termed ^ simmering," ia 
owing to the collapse of tlie bubbles of steam as they shoot 
upward and are condensed by the colder water. The first bubbles which 
form are not steam, but air which the heat expels from the water. As the 
temperature of the whole mass of the water increases, the bubbles are no 
longer condensed and colli^raed, but rise through to the sur&oe ; and the 
moment that this takes place boiling commences. The singing of a tea-kettle 
before boiling is occasioned by the irregular escape of the air and steam ex- 
pelled firom the water through the spout of the tea-kettle, which acts in the 
manner of a wind-instrument in producing a sound. 

H d th ^^^* ^^^^^^ ^^ general, being boiled in open vessels, are 

presrareofthe subjected to the pressure of the atmosphere. The tendency 
f(St ttie'SStog ®^ *^ pressure is to prevent and retard the particles of 
of Uqnidsf water from expandmg to a sufficient extent to form steam. 

Hence if the pressure of the atmosphere varies, as it does at 
diJEferent times and places, or if it be increased or diminished by artificial 
means, the boiling point of a liquid will undergo a oorrespondmg changei 

11 
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H tb« ^^^' ^^ ^^ ascend Into tbo atmosphere the pressnre is di- 

temperaturc at minislied, because there is less of it above us ; it therefore 
boil?be ^Me d fol^^^Sf ^^^ water at diil'erent heights in the atmosphere will 
for detcrmia- boil at different temperatures, and it has been found by ob- 
ing eleTatioJsf gervatipn, that an elevation of 550 feet above the level of the 
8ca causes a difference of one degr^ in its boiling point. Hence the boiling 
point of water becomes an indication of the height of any station above the 
sea-level, or in other words, an indication of the atmospheric pressure ; and 
thus by means of a kettle of boiling water and a thermometer, the height of 
the summit of any mountain may be ascertained with a great degree of ac- 
curacy. If the water boils at 211° by the thermometer, the height of the 
place is 550 feet; if at 210° the height is 1100 feet, and so on, it being only 
necessary to multiply 550 by the number of degrees on the thermometer 
between the actual boiling point and 212^, to ascertain the elevation. In the 
city of Quito, in South America, water boils at 194o 2'^ F.; its height above 
the sea-level is, therefore, 9,541 feet. 

As we descend into mines, the pressure of tlio atmosphere is increased, there 
being more of it above us than at the surface of the earth. Water, therefore, 
must be heated to a higher temperature before it will boil, and it has been 
found that a descent of 550 feet as before, makes a difference of one degrea 
560. In a hke manner, if by artificial means we increase or 
boiling point diminish the pressure of the atmosphere on the surface of a 
chan^^ed^'arS ^^^i<^) ^^ change its boiling point. If water be heated in a 
fidaUy? vacuum, ebulhtion will commence at a point 140** lower than 

in the open air. If a vessel of ether be placed under the re^ 
ceiver of an air-pump, and the atmospheric pressure removed from its surface, 
the. vapor rises so abundantly that ebullition is produced without any in- 
crease of temperature. 

How is sugar Several beautiful applications in the arts have been made 
boiled in the of the prmciple that liquids boil at a lower temperature when 
jroc^ of re- fj-gg^ f^^^ ^^q ^resauie of the atmosphere than in the open 
air. 

In the refining of sugar, if the syrup is boiled in the open air, the tempera- 
ture of the boiling point is so high that portions of the sugar become decom- 
posed by the excess of heat, and lost or injured ; the syrup is therefore boiled 
m dose vessels from which the air has been previously exhausted, and in this 
way the water of the syrup may be evaporated at a temperature so low as to 
prevent all injury from heat. 

For cookmg, this application could not be carried out The water might, 
indeed, be made to boil at a temperature much less than 212°, but owing to 
its d imini s h ed heat would not produce the desired effect 
whatisdista- 561. Distillation is a process by which one 
I, lation? jjQ^y jg separated from another by means of 
heat, in cases where one of the bodies assumes the form 
of vapor at a lower temperature than the other ; this fir»t 
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rises in the form of vapor, and is received and condensed 
in a separate vessel. 

By this means very volatile bodies can be easily separated from less vola- 
tile ones ; as brandy and alcohol from the less volatile water which may bo 
mixed with them. Water of extreme purity can also be obtained by distil- 
lation, because the non-volatile and earthy substances contained in all spring 
waters do not ascend with the vapor, but remain behind in the vessel. 

Distillation upon a small 
scale is effected by means ^^- 208. 

of a peculiar-shaped vessel, 
called a retort, Fig. 208, 
which is half filled with a 
volatile liquid and heated ; 
the steam, as it forms, 
passes through the neck of 
the retort into a glass re- 
ceiver set into a vessel filled 
with cold water, and is then 
condensed. 

When the operation of distillation is conducted on an extensive scale, a large 

vessel called a " siiir is used, and, for con- 
dec sing the vapor, vats are constructed, 
holding serpentme pipes, or "worms," 
which present a greater condensing sur- 
face than if the pipe had passed directly 
through the vat. To keep the coil of pipe 
cool, the vats are kept filled with cold 
water. In Fig. 209, a is a furnace, in which 
is fixed a copper vessel, or still, to contain 
the liquid. Heat being applied, the steam 
rises in the head, 6, and passes through 
•f the worm, d^ which is placed in a vessel 
of water, the refi-igerator. The vapor 
thus generated is condensed in its passage, and passes out as a liquid by the 
external pipe into a receiver. 

What iB the "^^ difference between drymg by heat and distillation is, 

difference be- that in one Case, the substance vaporized, being of no use, is 
by^*^heat ^and allowed to escape or become dissipated in the atmosphere ; 
distillation ? while in Jhe other, being the valuable part, it is caught and 
condensed into the liquid form. The vapor arising from damp linen, if caught 
and condensed would be distilled water ; the vapor given out by bread while 
baking, would, if collected, be a spirit fike that obtained in the distillation of 
grain. 

.^^ . . „ 562. As some substances, by the application of heat, pass 

mation? directly from the solid condition to the state of vapor, so some 

substances, as camphor, sulphur, arsenic, etc., when vaporized 
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by heat, depoat their condensed vapors in a solid fomL This process is 
termed sublimation. 

What remark- ^563. One of the most remarkable circum- 
Junc**i!tSi stances which accompany the phenomena, 
^^"SiSftioiT?* both of liquefaction and vaporization, is the 
disappearance of the heat which has effected 
the change. 

How may this Thus, if a thermometer be applied to a mass of snow, or ice 
principle be il- just upon the point of melting, it will be found to stand at 
iMtrated? ggo p jf tjj^ j^e b© placed in a vessel over a fire, and the 

temperature tested at the moment it has entirely melted, the water produced 
will have only the temperature of 32®, the same as that of the original ice. 
Heat; however, during the whole process of melting, has been passing rapidly 
into the vessel from the fire, and if a quantity of mercury, or a solid of the 
same size, had been exposed to the same amount of heat, it would have con- 
stantly increased in temperature. It is dear, therefore, that the conversion of 
ice, a solid, into water, a liquid, has been attended with a disappearance of heat 

Again : if one pound of water, having a temperature of 1*1 iP, be mixed with 
one pound of snow at 32°, we shall obtain two pounds of water, having a 
temperature of 32°. All the heat, therefore, which was contained in the 
hot water is no longer to be detected by the thermometer, it having been en- 
tirely used up, or disposed of in converting snow at 32° into water at 32°. 
Such disappearances always occur whenever a solid is converted into a liquid. 

If, however, a pound of water at 32**, instead of ice at the same tempera- 
ture, had been mixed with a pound of water at 1 74°, we shall obtain two 
pounds at 103°, a temperature exactly intermediate between the temperatures 
of the components But if the pound at 32° had been solid instead of liquid, 
then the mixture, as before explained, would have had a temperature of 32°. 
It is evident, therefore, that it is the process of liquefaction, and it alone, which 
rendejs latent or insensible' all that heat which is sensible when the pound 
of water at 32° is liquid. 

_ . In the same manner heat disappears when a liquid is con- 

absorption of verted into a vapor. The absorption of heat, in this instance, 
ra5on°be^en- "^^ ^ easily rendered perceptible to the feelings by pouring 
dered evident? a few drops of Bome liquid which readily evaporates, such as 
ether, alcohol, etc., upon the hand. A sensation of cold is immediately ex- 
perienced, because the hand is deprived of heat, which is drawn away to efiect 
the evaporation of the liquid. On the same principle, inflammation and fever- 
ish heat in the head may be allayed by bathing the temples with Cologne 
water, alcohol, vinegar, etc. 

If we surround the bulb of a thermometer loosely with cotton, and then 
moisten the latter with ether, the thermometer will speedily fall several degrees. 
Why can not "Water when placed in a vessel over a fire, gradually afc- 
•water impart tains the boiling temperature, or 212°; but afterward, how- 
Iftlr bomng?* ever much we ma^ incr§a§e the fire, it becomes no hotter, aU 
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the heat which is added serving only to convert the water at 212° from a 

liquid condition into steam, or vapor, at 212°. 

564. If we immerse a thermometer in boiling water, it 

knovr that Stands at 212° ; if we place it in steam immediately above it, 

steam at 212' j^ indicates the same temperature. "We know, however, that 
i8 hotter than . ,,,.,. , '/. 

water at tho Steam contams more heat than boiling water, because if we 

tureV^™^^*" mix an ounce of water at 212° with five and a half ounces of 
water at 32°, we obtain six and a half oimces of water at a 
tamperature of about 60° ; but if we mix an ounce of steam at 212° with five 
and a half ounces of water at 32°, we obtain six and a half ounces of water at 
2120. The steam, fi-om which the increased heat is all derived, contains as 
much more heat than the ounce of water at the same temperature, as would 
be necessary to raise six and a half ounces of water from the temperature of 
60O to 212°, or six and a half- times as much heat as would be requisite to 
raise one ounce of water through about 152° of temperature. This quantity 
of heat will, therefore, be found by multiplying 152° by six and a hal^ 
which will give a product of 983° — ^the excess of heat contained in an 
ounce of steam at 212° over that contained in an ounce of boiling water at 
the same temperature. 

What becom a ^^^' ^^ *^® conversion of solids into liquids, and liquids into 
of the heat vapors by heat, we may suppose the heat, the soUd, and the 
pears*in ?lqae- ^^^^^ ^ ^^^.ve respectively combined together; — forming a 
faction and ra- liquid in the one case, and a vapor in the ojther. A liquid, 
ponza ion . therefore, may be regarded as a compoigid of a solid and 

heat, and a vapor as a compound of heat and the liquid from which it was 
formed. The heat which disappears in these combinations is called Latent, 
or Compound Heat. 

What are '^^ absorption of heat consequent on the conversion of 

freezing mix- solids into liquids, has been taken advantage of in the arts for 
tures? ^^Q production of artificial cold; and the compounds of dif- 

ferent substances which are made for this purpose, are called freezing mix- 
tures. 

Why does th "^^ ™^®*' ''^^P^® freezing mixture is snow and salt. Salt 

mixture of dissolved in water would occasion a reduction of temperature, 
produce*int^w ^^* ^^®° *^^® chemical relations of two solids are such, that 
cold? on mixing, both are rendered liquid, a still greater degree of 

cold is produced. Such a relation exists between salt and snow, or ice, and 
therefore the latter substances are used in preference to water. When tho 
two are mixed, tho salt causes the snow to melt by reason of its attraction 
for water, and the water formed dissolves the salt : so that both pass from 
the solid to the liquid condition. If the operation is so conducted that no 
heat is supplied from any external source, it follows that tho heat absorbed 
in liquefaction must be obtained from tho salt and snow which comprise tlie 
mixture, and tliey must therefore suffer a depression of temperature propor- 
tional to the heat which is rendered latent. 
In this way a degree of cold equal to 40° below the freezing point of 
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How great a water may be obtained. The application of this experiment 
degree of cold to the freezing of ice-creams is familiar to all. 
can be obtain- . . ° j" i i • <j x i.i- • 

ed by freezing By mixmg snow and sulphunc acid together m proper pro- 
mixtures? portions, a temperature of 90*^ below zero can be obtained 
without difficulty. 

Wh is th air "^^^ ^ ^ *^® Spring of the year, when the ice and snow 
in spring cold are thawing, is always peculiarly cold and chilly. This is due 
and chilly? ^ ^^ constant absorption of heat from the air by the ice and 

snow in their transition from a solid to a liquid state. 

„^ ^ A shower of rain cools the air in summer, because the earth 
Why does a 

showerinsum- and the air both part with their heat to promote evaporation, 

mer cool the ju ^ like manner, the sprinkling of a hot room with water 

cools it 

Why is the The drainmg of a country increases its warmth, since by 

warmth of a withdrawing the water, evaporation is diminished, and less 

country pro- ,.,,«,, 

moted by heat IS subtracted from the earth. 

draining? rjij^^ danger arising from wet feet and clothes is owing to 

Why do wet ^^ absorption of heat from the body by the evaporation from 
t^ d*to ?*****?' *^® surfaces of the wet materials ; the temperature of the body 
the health of ^ in this way reduced below its natural standard, and the 
the body ? proper circulation of the blood interrupted. 

566. The absorption of heat in the process by which liquids 
«^ve8sei"con- ?^® converted into vapor, will explain why a vessel containing 
taining water a liquid that is constantly exposed to the action of fire, can 
fire dStroyed ? ^©^er receiye such a degree of heat as would destroy it A 
tin kettle containing water may be exposed to the action of 
the most fierce furnace, and remain uninjured ; but if it be exposed, without 
containing water, to the most moderate fire, it will soon be destroyed. The 
heat which the fire imparts to the kettle containing water is immediately ab- 
sorbed by the steam into which the water is converted. So long as water is 
contained in the vessel, this absorption of heat will continue ; but if any part 
of the vessel not containing water be exposed to the fire, the metal will bo 
fused, and the vessel destroyed. 

567. When vapors are condensed into liq- 
circumstances uidSy and liquids are changed into solids, the 
become sei^- latent hcat contained in them is set free, or 
made sensible. 

If water be taken into an apartment whose temperature is several degrees 
below the freezing point, and allowed to congeal, it will render the room sen- 
sibly warmer. It is, therefore, in accordance with this principle that tubs of 
water are allowed to freeze in cellars in order to prevent excessive cold. 

It is from this cause that oceans, S3as, and other large colhctions of water 
are most powerful agents in equalizing the temperature of tho inhabited parts 
of the globe. In the colder regions, every ton of water converted into ice 
«^vea out and diffuses in the surrounding region as much heat as would 



THB SFFECTS OF HEAT. 247 

raise a ton of water from 32® to 174° ; and, on the other hand, when a rise 
of. temperature takes place, the thawing of the ice absorbs a like quantity of 
heat : thus, in the one case, supplying heat to the atmosphere when the tem- 
perature falls; and, in the other, absorbing heat from it when the temperature 
rises. 

In the winter, the weather generally moderates on the fall of snow ; snow 
is frozen water, and in its formation heat is imparted to the atmosphere, and 
its temperature inoreased. 

Steam, on account of the latent heat it contains, is well 
Why is steam adapted for the warming of buildings, or for cooking. In 
adapted for passing through a line of pipes, or through meat and vegeta- 
oorfdng? *^^ ^^®^ ^* ^ condensed, and imparts to the adjoining surfaces 
nearly 1000° of the latent heat which it contained before 
condensation. 

Steam bums much more severely than boiling water, for the reason that 
the heat it imparts to any surface upon which it is condensed is much greater 
than that of boiling water. 

Is the quantity 568. All bodles coDtain incorporated with 
bod^S* the*" them more or less of heat ; but equal weights 
same? of dissimilar substances, having the same sen- 

sible temperature, contain unequal quantities of heat. 

Thus if we place a pound of water and a pound of mercury 
be demon- over a fire, it will be found that the mercury will attain to any 
Btrated? given temperature much quicker than the water. Or if we 

perform the converse of this experiment, and take two equal quantities of 
mercury and water, and having heated them to the same degree of tempera- 
ture, allow them to cool freely in the air, it will be found that the water will 
require much more time to cool down to a common temperature than the 
mercury. The water obviously contains more heat at the elevated tempera- 
ture than the mercury, and therefore requires a longer time to cool. 

569. Dissimilar substances require, respectively, different 

meaning of the quantities of heat to raise their temperatures one degree ; and 

term specific ^^q quantity of heat necessary to produce this effect upon a 

body is termed its specific heat. In hke manner, the weight 

which a body uacludes under a given volume, is termed its specific gravity. 

570. A substance is said to have a greater 
stood by capac- or Icss capacitv for heat, according as a greater 

ityforheat? , ^ ^.f ^ -, J - • J x J 

or less quantity of heat is required to produce 
a definite change of temperature, or an elevation of tem- 
perature of one degree. 

_ ^ ^, In creneral, the capacity of bodies for heat decreases with 

How does the .?..„,, , -^ r u i. xi 

capacity for heat their density. Thus mercury has a less capacity for neat than 

rti^^'vMy'f*" ^^*®^' because its density is greater. Air that is rarefied, or 
thin, has a greater capacity for heat than dense air. Thi3 
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dicomstanoe will explain, in part, the reason of the very low temperatures 
which exist at great elevations in the atmosphere. Persons ascending high 
mountains, or in balloons, find that the cold increases with the elevation. 
The reason of this is, that as the air expands and becomes rarefied^ its capac- 
ity for heat is greatly increased, and it therefore absorbs its own sensible 
heat. 

t fa th In all qnarters of the globe, the temperature of the air at a 

limit of per- certain height is reduced so low by its rare&ction, that water 
petaiAlBilow? ^j^ jjjjI; Qj-jgjj jj, j^ liquid state. This limit, the height of 
which varies, braig the most elevated at the equator, and the most depressed 
at the poles, is called the line of Perpetual Snow.* 

Air forcibly expelled from the mouth feels cool ; in this instance the cold is 
due to a sadden expansion of the air, by which its capacity for heat is in- 
creased. 

The capacity for heat also inoreases with the temperature. Thus it requires 
a greater amount of heat to elevate the temperature of platinum fixun 212^ to 
2130, than firom 320 to 33°. 

Of all known bodies, water has the greatest capacity for heat 

There are several different ^irays by means of which the ca* 
^wusST^ ftr P^^ ^ bodies for heat may be determined. One method 
heat in difler- consists in indosing equal weights of different bodies heated 
be aae»ta£edr ^ ^® ^""® temperature, in closed cavities in a block of ice, 
and measuring the respective quantities of water which they 
produce by melting the ice. 

The same result may also be obtained by what is called the method of mix- 
tures. Thus, if we mix 1 pound of mercury at 66® with 1 pound of water at 
32° the common temperature will be 33*'. Here the mercury loses 33** and 
the water gains 1°; that is to say, the 33** of the mercury only elevates the 
water 1*>, therefore the capacity of water for heat is 33 times that of mercury ; 
or, if we call the capadty or spedfic heat of water 1, then the capacity or 
specific heat of mercury will be l-33d or .0303. 

In this way the capacities for heat of a great number of bodies has been 
determined, and tables constructed in which they are recorded. In these 
tables water is taken as the unit of comparison. 

All vapors are elastic, like air. 
eiasticityofvJ The tendency of vapors to expand is nnlim- 
^" ited ; that is to say, the smallest quantity of 

vapor will diflfuse itself through every part of a vacant 
space, be its size what it may, exercising a greater or less 
degree of force against any obstacle which may have a 
tendency to restrain it. 

• The line of perpetaal snow at the equator occurs at a height of aboat 15,000 feet ; at 
the Straits of Magellan, it occurs at an elevation of only 4,000 feet 
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The force with which a vapor expands is called its elastic 
force, or tension. 

The elasticity or pressure of vapors is best illustrated in the case of steam, 

which may be considered as the type of all vapors. 

When a quantity of pure steam is confined in a close vessel, 

nerTs ^e^S^ **s elastic force will exert on every part of the interior of the 

tic force of yessel a certain pressure directed outward, having a tendency 
steam exerted? . v . xi i \ ° "^ 

to burst the vessel 

What ia the When steam is generated in an open vessel its elastic force 
steam foraed °^^st be equal to the elastic force or pressure of the atmos- 
in Ml open res- phere ; otherwise the pressure of the air would prevent it fi^m 
forming and rising. Steam, therefore, produced from boiling wa- 
ter at 212° P., is capable of exerting a pressure of 15 pounds upon every square 
inch of sur&ce, or one ton on every square foot, a force equivalent to the 
pressure of the atmosphere. 

„ ^, If water be boiled under a diminished pressure, and there- 

How may the _ , , ,.,.,,« 

elastic force of fore at a lower temperature, the steam which is produced from 

ci^Md^or Si ^* ^^^ ^*^® * piessure which is diminished in an equal de- 

minished? gree. If, on the contrary, the pressure under which water 

boils be increased, the boiling temperature of the water and 

the pressure of the steam formed will be increased in a like proportion. We 

have, therefore, the following rule :— 

To what is the 571. Steam raised from water, boiling under 

Bt"m ^Sways ^^Y gi^cn prcssurc, has an elasticity always 

equal? equal to the pressure under which the water 
boils. 

jj . . Steam of a high elastic force can only be made in close ves- 

of hi^ elastic sels, or boilers. The water in a steam-boiler, in the first in- 
force generated? gtance, boils at 212°, but the steam thus generated bemg 
prevented from escaping, presses on the surface of .the water equally as on 
the surface of the boiler, and therefore the boiling point of the water becomes 
higher and higher ; or in other words, the water has to grow constantly hot- 
ter, in order that the steam may form. The steam thus formed has the same 
temperature as the water which produces it. 

The temperature of the water in working steam-boilers is 
tent can water always much greater than 212*^. It should also be borne in 
der^pTeMoiST ™^^^ *^^* water, if subjected to sufficient pressure, can be 
heated to any extent without boiling. There is no limit to 
the degree to which water may be heated, provided the vessel is strong 
enough to confine the vapor ; but the expansive force of steam is so enormous 
under these circumstances, as to overcome the greatest resistance which has 
ever been exerted upon it. 

If a boiler, containing water thus overheated many degrees beyond the 
boiling pouit, be suddenly opened, and the steam allowed to expand, tha 

11 



250 WELLS'S NATURAL PHILOSOPHY. 

whole water is immediately blown out of the vessel as a mist by the steam 
formed at the same instant throughout every part of the mass. To use a 
common expression, " the water flashes into steam." 

. Steam, like water, may be heated to any extent when con- 

tent can Bteam fined and prevented from expanding witii the increase of 
der**reMar"f" temperature ; in some of the methods lately introduced fijr 
purifying oils, etc., the temperature of the steam, before its 
application, is required to be sufficiently elevated to enable it to melt lead, 

whatissapcr- 572. Steam which has been heated in a 
heated Steam? gepamte State to a high degree of temperattfre 
Tinder pressure, is known as " Superheated Steam." In 
this condition its mechanical and chemical powers are 
wonderfully increased. 

In the manu&cture of lard on an extensive scale the carcass of the whole 
hog is exposed to the action of steam at very high pressure, this acting upoa 
the mass of flesh and bones, breaks up and ifeduces the whole to a fat 
fluid mass. Ordinary steam, under the same circumstances, would dissolve 
nothing. 

Steam has also been recently applied to the carbonization of wood. For 
this purpose ordinary steam is conducted through red hot pipes, whereby it 
attains a very high degree of temperature. It is then allowed to pass into a 
vessel containing wood intended to be converted into charcoal. The heated 
steam, penetrating into the pores of the wood, drives off the volatile portions, 
the water, the tar, etc., and leaves the pure carbon alone behind. 

What u High- 573. Steam generated by water boiling at a 
pressure steam? y^jy ]^jgjj temperature, is known as High- 
pressure Steam. By this term we mean steam condensed 
not by withdrawal of heat, but by pressure, just as high- 
pressure air is merely condensed air. To obtain a double, 
triple, or greater pressure of steam, we must have twice, 
thrice, or more steam under the same volume. 
What relation 574. Thc sum of the sensible heat of any 
Bensibie^^'^Md vapor, and the latent heat contained in it, is 
latent heat? always the same. 

It is an established fact that the heat absorbed by v£^rization is always 
less the higher the temperature at which tliis vaporization takes place, and 
just in proportion also as vapor or steam indicates a lower temperature by the 
thermometer, it contains more latent heat. Thus, if water boils at 312° the 
heat absorbed in vaporization will be less by 100® than if it boiled at 212**. 
And again, if water be boiled under a diminished pressure at 112®, the heat 
absorbed in vaporization will be 100® more than the heat absorbed by water 
boiled at 212®. 
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SECTION IV. 

iiTha* is a 575. The SteatD-Engine is a mechanical 
steam-Engiaer contiivance by which coal, wood, or other 
fuel, is rendered capable of executing any kind of labor.* 

H It uohme. '^^ substance which furnishes the means of calling the 
chanical force powers of coal into activity is water ; two ounces of coal, with 
by^the combui^ * P^°P®r arrangement will evaporate about one pint of water; 
tion of two this will produce 216 gallons of steam, which can exert a 
ouncea of coal? mechanical force equivalent to raising a weight of 37 tons to 
the height of one foot 

It has been found by experiment that the greatest amount 



force of a man of foFoe which a man can exert when applying his strength to 
^mpare with ^q ^^q^^ advantage through the help of machinery, is equal to 
erated by the elevating one and a half millions of pounds to the height of 
TOmbustioa of ^jjq gj^^^ ^y working on a treadmill continuously for eight 
hours. A well-constructed steam-engine will perform the 
same labor with an expenditure of a pound and a hajfof coaL 
„ , . The average power of an able-bodied man during his activo 

Ilowmnchcoal ,._ • il- ^ i /• ^ ^ m. Zi j. „> 

is equivalent to hfe, supposmg him to work for twenty years at the rate of 

^ whole ac- g^-gijt j^ours per day, is represented by an equivalent of about 

a man ? fouT tons of coal, since the consumption of that amount will 

evolve in a steam-engine, folly as much mechanical force. 

The great pyramid of Egypt is five hundred feet high, and weigh* twelve 

thousand seven hundred and sixty millions of pounds. Herodotus states that 

iu constructing it one hundred thousand men were constantly employed for 

twenty years. At the present time, with the consumption of 480 tons of 

coal, all the materials could be raised to their present position from the 

ground in comparatively little time. _ 

«,t. . ,- .^ The greatest work ever known to have been performed by 

What fa the <^ "^ . ...... j ^ * ^ 

greatest amount a steam-engiuo, was to raise sixty thousand tons of water a 

accom^ Ushed' ^^* ^^^^ ^^^ *^® expenditure of one bushel of coal. This 

by a fteam- work was accomphshed by one of the engines employed in 

«»Sii» ? the mines of Cornwall, England. 

* " Coals are by it made to spin, weave, dye, print, and dress silks, cottons, woolens 
and other <doths ; to make paper, and print books upon it when made ; to convert com 
into flour ; to express oil from the olive, and wine f^om the grape ; to draw np metals 
fi^m the bowels of the earth ; to ponnd and smelt it ; to melt and mold it ; to roll it 
and fashion it into every desirable form ; to transport these manifold products of its own 
labor to the doors of those for whose convenience they are produced ; to carry persons and 
goods over the waters of rivers, lakes, seas, and oceans, in opposition alike to the natural 
di£S«ullie8 of wind and water ; to carry the wind-bound ship out of port, to place her on 
the open deep, ready to commence her voyage ; to transport over the surface of the ^ea 
and the land, x>er8ons and information from town to town, and from country to country, 
with a speed as much exceeding the ordinary wind, as the ordinary wind exeeeds that of 
a pedeati4an.*'-^4«ardNer. 
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How i« rtesm 576. Steam is rendered useful for mechan- 

made ayailable • •■ • i i • < i ,• 

for mechanical ical piiTposes siiuplj by its pressure^ or elastic 

purpoae.? ^^^^^^ 

Steam cah not, like wind and water, be made to act advantageously by its 
impulse in the open air, because liie momentum of so 
light a fluid, unless generated in vast quantities, would 
be inccmsiderable. The first attempts, howeyer, to 
employ steam as a moving power, consisted in direct- 
ing a current of steam from the mouth of a tube against 
the floats or vanes of a revolving wheel. 

A machine of this kind, invented more than 2,000 
years ago by Hero of Alexandria, is represented in 
Fig. 210. It consists of a small hollow sphere, fur- 
nished with arms at right angles to its axis, and whose 
ends are bent in opposite directions. The sphere 
is suspended between two columns, bent and pointed 
at their extremities, as represented in the figure : one 
of these is hollow, and convtTB steam from the boiler 
below, into the sphere; and the escape of the vapor 
ftom the small tubes, by the reaction, produces a rotary motion. 

In ordor to render the pressure of steam practically availa- 
ble in machinery, it is necessary that it should be confined 
within a cavity which is air-tight, and so constructed that its 
dimensions or capacity can be enlarged or diminished without 
impairing its tightness. When the steam enters such a ves- 
sel, its elastic force pressing against some movable part, causes 
it to recede before it, and from tliis movable part motion is communicated to 
machinery. 

The practical arrangement by which such a Fiq. 211. 
conditions at- result is accomplished is by having a hollow 
tainodf cylinder, A B, Fig. 211, with a movable piston, 

D, accurately fitted to its cavity. When steam under pressure 
in a boiler is admitted into the cylinder below the piston, it ^ 
expands, and acting upon the under surface of the piston, 
causes it to rise, lifting the piston-rod along with it 

Suppose, as in Fig. 212, the cylinder to be connersted at the 
bottom or side with a pipe, R, opening into a steam boiler, and 
on the other side with a pipe, B, terminating in a vessel of 
cold water. Suppose the valve in R to be open, and that 
in B to be shut ; steam then passing into the cylinder trom 
the boiler will fi>roe the piston up to the top of the cylinder. 
Let the valve in R then be shut, and the valve in B be 
opened; the steam contained in the cylinder will pass out ' 
of the pipe B, and coming in contact with cold water, in 
Uio vessel connected with it^ will be condensed, and a yacinuu 



To render the 
pressure of 
steftm availa- 
ble in machin- 
ery, vhafc con- 
ditions are 
necessary t 
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Fia. 212. beneath the piston. The pressure of 

the atmosphere then acting upon the 
other side of the piston, will drive 
it down. The position of the valves 
in R and B being reversed, the piston 
may be raised anew by the admis- 
sion of more steam, to be condensed 
in its turn, and in this manner the 
alternate motion may be continued 
indefinitely. The alternating, or re- 
ciprocating motion of the piston, is 
converted, by means of a lever and crank attached to the top of the pis- 
ton-rod, into a rotary motion, suitable for driving-wheels, shafts, and other 
machinery. 

Such an arrangement as described constituted the first practical steam- 
engine. It received the name of the atmospheric engine, firom the feet that 
the pressure of the atmosphere was employed to press down the piston after 
it had been elevated by the steam. 

577. In modern engines, tlie pressure of the atmosphere is 
not employed to drive the piston down. The steam is ad- 
mitted into the cylinder above the piston, at the same time 
that it is condensed or withdrawn from below, and thus 
exerts its expansive force in the returning as well as in the 
ascending stroke. 

This results in a great increase of power. By the condensation or' with- 
drawal of the steam, a vacuum is created below the piston, and the steam 
admitted into the cylinder above the piston, forces it through the vacuum 
with an ease and rapidity far greater than would be possible if atmospheric 
or other resistance were to be overcome.* 

The withdrawal or condensation of the steam, in order to produce a vacuum 
either above or below the piston, is accomplished by opening at the proper 
time a communication between the cyhnder and a strong vessel situated at a 
distance from it, called the condenser. Into this vessel a jet of cold water is 
thrown, which instantly condenses the steam, escaping from the bottom of the 
cylinder, into water. 



What in the 
construction 
and operation 
of a condens- 
ing steam-en- 
gine? 



• " A proof of the extraordinary power obtained in this way, through the combustion 
of fuel, is presented in the following calculations :— One cubic inch of water is converti- 
ble into steam, of one atmospheric pressure by 15| grains of coal, and this expansion of 
the water into steam is capable of raising a weight of one ton the height of a foot The 
one cubic inch of water becomes very nearly one cubic foot of steam, or 1,728 cubic inches. 
When a vacuum is produced by the condensation of this steam, a piston of one square 
inch surface, that may hare been lifted 1,728 inches, or 144 feet, will fall with a velocity of a 
heavy body rushing by gravity down a perpendicular height of l.*<,500 feet This would 
give the falling body a velocity, at the termination of its descent, equal to 1,300 feet per 
second, greater than that of the transmission of sound. From this we can form some 
estimate of the strength of the tempest which alternately blows the piston in its cylinder, 
when elastic steam of high-pressure is employed."— Pro/. H. D, Sogers, 
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A steam-engino of this character is called a condensing steam-engine, b©» 
cause the steam which has been employed in raising or depressing the piston 
is condensed, after it has accomplished its object^ leaving a vacuum above or 
below the piston. It is also called a low-pressure engine, because, on ac- 
count of'tho vacuum which is produced altematelj above and below the 
piston, the steam, in acting, does not expend any force in overcoming the 
pressure of the atmosphere. Steam, therefore, may be used under such condi* 
tions of low expansive force, or, as it is technically called, of " low-pressure." 

The practical construction of the 
piston and cylinder, and tho ar- ^Q' 213. 

rangement of connecting pipes by 
which the steam is admitted alter- 
nately above and below the piston, 
is fUlly shown in Fig. 213. The 
valves,- which are of various forms, 
are connected by levers with the 
machinery, in such a way as to 
open and close with great ac- 
curacy at exactly tho proper mo- 
ment 

_-_ ^. , , , 578. In some 

What 18 a high- 
pressure en- engines, the appa« 

6*°® * ratus for condens- 

ing tho steam alternately above 
or below the piston, is dispensed 
with, and tho steam, after it has 
moved tho piston from one end of 
the cylinder to the other, is al- 
lowed to escape, by the opening of 
a valve, directly into the air. To 
accomplish this, it is evident that 
the steam must have an elastic 
force greater than tho pressure of 
the atmosphere, or it could not 
expand and drive out the waste 
steam on the other side of the piston, in opposition to the pressure of the air. 
An engine of this character is aocordingly termed a " high-pressure" engine. 

High-pressure engines are generally worked with a pressure of from fifty 
to sixty pounds per square inch of the piston ; of this pressure, at least fifteen 
pounds must be expended in overcoming the pressure of the atmosphere, and 
the surplus only can be applied to drive machinery. 

One of the most familiar examples of a high pressure engine is the loco- 
motive used on railroads. The steam which has been employed in forcing the 
piston in one direction is, by the return movement of the piston, forced out of 
the cylinder into the smoke-pipe, and escapes into the open air with irregular 
puffs. 




THE STEAM-ENGINE. 



255 



What are the 
adTantagesand 
disadvantages 
of higb-press- 
ttre engines ? 



engines 
lated? 



High-pressure engines are generally used in all Bltuations 
where simplicity and lightness are required, as in the case of 
tlie locomotive; also in. situations where a free supply of 
water for condensation can not be readily obtained. As Ihey 
use steam at a much higher pressure than the condensing en- 
gines, they are more liable to accidents arising from explosions. High-press- 
ure engines are less expensive than low-pressure, since all the apparatus for 
condensing the steam is dispensed with, the only parts necessary being the 
boiler, cylinder, piston, and valves. 

_, I *^ 579. It is not necessary in the steam-engine that the steam 

said to be used should flow continuously from the boiler into the cylinder 
expansively? during the whole movement of the piston, but it may be cut 
off before it has fully completed its ascent or descent in the cylinder. The 
steam already in the cylinder immediately expands, and completes the move- 
ment already begun, thus saving a considerable quantity of steam at each 
movement. Steam employed in this way is said to be used expansively. 

To carry out this plan to the best advantage, the 
expansive force of the steam must be greatly in- 
creased by working it under a high pressure. 

„ , ^^ 580. In many engines the supply 

Howisthemo- ^ ^ ^ ^, ,. -, . 

tion of steam- of Steam to the cj^lmder is regu- 

'®8"' lated by an apparatus called the 
Governor. This consists, as is rep- 
resented in Fig. 214, of two heavy balls, C and 0", 
connected by jointed rods, D D', with a revolving 
axis. A. When the axis is made to revolve rap- 
idly, the centrifugal force tends to make the balls 
diverge, or separate from one another in the same 
manner as the two legs of a tongs will fly apart 
when whirled round by the top. Tliis divergence 
draws down the jointed rods, but a slower motion of the axis causes the 
balls, on the contrary, to approach each other, and thus push them up. 
These movements of the jointed rods in turn raise or lower the end of a bar, 
E, which acts as a lever, and moves a valve which increases or diminishes the 
quantity of steam admitted from the boilers into the cylinder — thus preserv- 
ing the motion of the engine uniform. 

In stationary engines, also, a large and heavy fly-wheel is often used, which 
by its momentum causes the machinery to move uninterruptedly, even if the 
pressure of steam be less at one point than at another ♦ 

* Fig. 215 iUnstrates the principal parts of a condensing steam-engine and its mode of 
action. 

Upon the left of the fignre in the cylinder, which receives the steam from the boiler. 
A part of the side of the cylinder is cut away in order to show the piston, which moves 
alternately up and down ncrording as the steam is admitted above or below it. By the 
rod A the piston trs.n*mitB i^s alternating movements to the walking-beam, L, which is an 
enormous lever accurately balanced on its center, and supported by four columns. The 
walking-beam,. L, communicates its motion by means of a connecting-rod, I, to the orank. 
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Fio. 215. 




581. Steam-boilers, which, although necessary to the generation of the 
power, are quite independent of the engine, are constructed of thick sheets 
of iron or copper, strongly riveted together. 

K, by which a rotary movement is communicated to the vheel, Y ; from this the power 
inay be applied by other wheels, or by bands and pulleys, to effect different operations. 

At the left of the cylinder is an arrangement of valves and pipes, by which the steam is 
allowed to act alternately above and below the piston. After the steam has completed its 
action by forcing the piston to the extremity of the cylinder, it is necessary that it should 
be withdrawn, and a vacuum formed in its place. In order to accomplish this, the steam, 
after having acted, is caused to pass into the cylinder, O, which contains cold water^ and 
is termed the condenser. Here it is condensed, and a vacuum formed in the cylinder 
above or below the piston, as the case may be. 

As the cold water of the condenser becomes qnickly heated by the condensed steam 
withdrawn from the cylinder, it becomes necessary to constantly withdraw the hot water 
and replace it by cold water, in order that the condensation of the steam may take place 
as rapidly as possible. This is effected by means of two pumps ; the one, F M, which is 
called the '* air-pump,** which withdraws the hot water from the condenser, and with i£ 
any air that may be present either in the cylinder or the condenser ; the other, H B, 
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The essential requisites of a steam-boiler are, that it should 
essential req- possess suflBcient Strength to resist the greatest pressure which 
uisitcs of a jg g^gp liable to occur from the expansion of the steam, and 
Bteam-Doiler ? , , «> «. . « 

that it should offer a sufficient extent of surface to the fire 

to insure the requisite amount of vaporization. In common low-pressure 
boilers, it reqmres about eight squai-e feet of surface of the boiler to be ex- 
posed to the action of the fire and flame to boil off a cubic foot of water m an 
hour ; and a cubic foot of water in its conyertion into steam equals one- 
horse power. 

^ The strongest form for a boiler, and one of the earliest which was used, is 
that of a sphere ; but this form is the one which offers least surface to the 
fire. The figure of a cylinder is on many accounts the best, and is now ex- 
tensively used, especially for engines of high-pressure. It has the advantage 
of beuig easily constructed firom sheets of metal, and the form is of equal 
strength except at the ends. In such a boiler the ends should be made 
thicker than the other parts. 

called the ^^ cold-water pnmp," draws from a well or river the cold water to supply the 
place of the heated water withdrawn from the condenser by the air-pomp. There is also 
a third pump, G Q, which is called the "• supply" or "■ feed-pomp," becaose it pomps into 
the boiler the hot water which the air-pump withdraws from the oondenser, thus econ- 
omizing the consumption of fuel. 

The various parts of the engine (as shown in Fig. 215) are illustrated in detail by the 
following descriptive explanation : — 

A— Piston-rod connected with the walking-beam, and transmitting to it the alternating 
movement of the piston. 

B, G, D, £-^rrangcments of levers and joints, intended to guide and preserve the pis- 
toh-rod A in a perfectly rectilinear track during its up-and-down movements. 

F— Arm or rod of tlie air-pump, which removes the hoi water and air from the oon> 
denser. 

G — Bod of the " supply** or " feed-pump,** which supplies to the boiler the hot water 
withdrawn from the condenser. 

H— Bod of the cold-water pump, which supplies the cold water necessary for con- 
densation. 

I— Connecting-rod, which transmits the motion of the walking-beam, L, to the crank, E. 

M — Cylinder of the air-pump in communication with the condenser, O. 

O — Condenser filled with cold water, in wliich the steam after acting upon the piston is 
condensed. 

P— Piston, movable in the cylinder ; it receives directly the pressure of the steam upon 
the upper and lower surface alternately, and transmits its movements by means of the rod 
A to the rest of the machinery. 

S— Pipe conducting the hot water withdrawn firom the oondenser to the boiler. 

T — ^Pipe discharging the cold water from the cold-water pump into the oondenser, O. 

IJ— Pipe conducting the steam from the cylinder, after it has acted upon the piston, into 
the condenser. 

V— Fly-whoeL 

Z — Cocnecting-rod, which transmits the movements of the eccentric, e, through the 
lever, Y, to the valves, b. The eccentric is a wheel fixed upon the crank-shaft, as seen 
at e. It is called an eccentric from the circumstance of the wheel not being concentric, or 
having a common center with the crank-shaft upon which it is fixed. It becomes, there- 
fore, a substitute for a short crank, and transmits a reciprocating movement to the rod 
Z, which is connected with the valves at b by the lever Y. These valves being alternately 
opened and closed by the movement of the rod Z, admit the steam alternately above or 
below the piston. 
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What is th '^ ^^^ gre&t improvement was FlG. 216. 

coubtraction of effected in the construction of steam- 

aflue-boUer? ^i^^.j^ i^y placing a cylindrical hir- 

nace within a cylindrical boiler, thus surrounding the 

heated surfaces with water upon all sides. By this 

method, all the heat, except what escapes up the u, % 

chimney, is communicated to the water. Such boUers ^^ ' ~' 

are known as " flue-boilers." Their general form and 

plan of construction are represented in Fig. 216. 

__ ^ ^. The requirements of a boiler suit- 

What are tho , , ^ ^ , , , 

peculiarities of able K>r a locomotive are, that 

boUer^"**^^" *^® greatest possible quantity of water should be evapOT- 
ated with the greatest rapidity in the least possible space. 
The quantity of fuel consumed is a secondary consideration, as this can be 
carried in a separate vehicle. The principle by which this has been accom- 
plished, and the invention of which may be said to have made the present 
railway system, consists in carrying the hot product of the fire through the 
water in numerous small parallel flues or tubes, thus dividing the heated 
matter, and as it were filtering it through the water to be heated. In this 
manner the surfaces, by which the water and the heating gases communicate, 
are immensely increased, the whole having a resemblance to the median- 



Fig. 21T. 



ism of the lungs of animals, in 
which the au* and the blood are 
divided and presented to each 
other at as many pomts, and 
with as little intervening matter 
between them, as is consistent 
with thoir separation. Fig. 217 
represents the interior of the tire- 
box of a locomotive, showing 
the opening of the tubes, which 
extend through the whole length 
of the boiler, and are surrounded 
with water. The smoke and 
other products of combustion pass 
through these tubes, and finally 
escape up the smoke-pipe. It 
will be further observed by the 
examination of the figure that 
the fire-box is double-walled, or rather walled and roofed with a layer of 
water, leaving only the bottom vacant, which receives the grate-bars. 

/ 582. The safety-valve is generally a conical lid fitted 

safety-valve.* into the boiler, and opening outward; it is kept down by a 

weight, acting on the end of a lever, equal to the pressure 

which the boiler is capable of sustaining witiiout danger from the steam 

generated within. If the amount of steam at any time exceeds the pressure, 
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it overcomes the resistance of 
the weight, lifts the valve, and 
allows the steam to escape. 
When suflScient steam has 
escaped to diminish the pres- 
sure, the valve falls back into 
its place, and the boiler is as 
tight as if it had no such opening. 

Fig. 218 represents the ordinary construction of the safety-valve. 
How does a ^83. The explosion of steam-boilers, when the safety-valvd 
diminution of is in good Condition and working order, is sometimes inex- 
^^^often'^oc." plJcable ; but explosions often result from the engineer allow- 
a^on explo- ing the water to become too low in the boilers. When this 
occurs, the parts of the boiler which are not covered with 
water, and are exposed to the fire, become highly overheated. If, in this 
condition, a fresh supply of water is thrown into the boiler, it comes suddenly 
into contact with an intensely-heated metal surface, and an immense amount 
of steam, having great elastic force, is at once generated. In this case the 
boiler may burst before the inertia of the safety-valve is overcome, and the 
stronger the boiler the greater the explosion. 

What is a ^^4. The degree of pressure which the steam exerts upon 
Bteam-gaage? the interior of the boiler, and which is consequently avail- 
able for working the engine, is indicated by means of an instrument called 
the "steam" or " barometer-guage." It 
consists simply of a bent tube. A, C, D, Fig. 219. 

E, Fig. 219, fitted into the boiler at one 
end, and open to the air at the other. 
The lower part of the bend of the tube 
contains mercury, which, when the pres- 
sure of steam in thp boiler is equal to 
that of the external atmosphere, will 
stand at the same level, H R, in both legs 

of the tube. When the pressure of the j ■ ~^ v 

steam is greater than that of the atmos- 
phere, the mercury is depressed in the ' 
leg D, and elevated in the leg D E. A 
scale, Gr, is attached to the long arm of 
the tube, and by observing the difference 
of the levels of the mercury in the two 
tubes, the pressure of the steam may 

be calculated. ■ Thus, when the mercury is at the same level in both 
legs, the pressure of the steam balances the pressure of the atmosphere, 
and is therefore 15 pounds per square inch. If the mercury stands 30 
inches higher in the long arm of the tube, then the pressure of the steam 
is equal to that of two atmospheres, or is 30 pounds to the square inch, and 
60 on. 




V" 
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_ , As the pressure of steam increases with its temperature, the 

pressure of pressure upon the interior of the boiler may also be known by 
steam be in- means of a thermometer inserted into the boiler. Thus it has 

aicated ay a 

thermometer r been ascertained that s^eam at 212° balances the atmosphere, 

or exerts a pressure of 15 pounds per square inch ; at 250°, 

30 pounds; at 275°, 45 poimds; at 294° 60 pounds, and so on. 

,v __.L XI- 586. The steam-whistle attached to locomotive and other 

Describe the . . , , , . , . « 

steam-whistle, engines is produced bj causing the steam to issue from a 

narrow circular slit, or aperture, cut in the rim of a metal cup; 

directly over this is suspended a bell, formed like the bell of a dock. The 

steam escaping from the narrow aperture, strikes upon the edge or rim of the 

bell, and thus produces an exceedingly sharp and piercing sound. The size 

of the concentric part whence the steam escapes, and the depth of the bell 

part, and their distance asunder, regulate the tones of the whistle from a 

fihrill treble to a deep bass. 



SECTION Y. 

WABMINO AND VENTILATION. 

Upon what 586. In the warming and ventilation of 

Si^'^warming buildlngs, tho entire process, whatever expe- 
Sf^'^nudin^ dients may be adopted, is dependent upon the 
depend? cxpunsion and contraction of air ; or in other 

words, upon the fact that air which has been heated and 
expanded ascends, and air which has been deprived of 
heat, or contracted, descends. 
What is ven- 587. Vcutilation is the act ©r operation of 

*"*^*®°* causing air to pass through any place, for the 
purpose of expelling impure air and dissipating noxious 
vapors. 

The theoretical perfection of ventilation is to render it impossible for any 
portion of air to be breathed twice in the same place. 

In the open air, ventilation is perfect, because the breath, as 
tilation perfect ? it leaves the body, is warmer and lighter than the surround- 
ing fresh air, and ascending, is immediately replaced by an 
ingress of fresh air ready to be received by the next respiration. 
.^^ Common air consists of a mixture of two gases, oxygen and 

once respired nitrogen, in the proportion of one fifth oxygen to four fifths 
unwholesome ? nitrogen. By all the forms of respiration or breathing, and 
of combustion, the quantity of oxygen in atmospheric air is diminished and 
impaired, and to exactly the same extent is air rendered unwholesome and 
unsuitable to supply the wants of the animal systenu 
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JtKjy^ tnach 
fr(>.a air is re- 
quired i>er hour 
bf a iiealthy 
man? 



In what man- 
ner does a heat- 
ed substance 
generate a cur- 
rent of air? 



Fig. 220. 



It is calculated that a full-grown person of average size ab- 
sorbs about a cubic foot of oxygen per hour by respiration, 
and consequently renders five cubic feet of air unfit for breath- 
ing, since every five cubic feet of air contain one cubic foot of 
oxj^gen. It \s also calculated that two wax or sperm candles 
absorb as much oxygen as an adult. 

To reuder the air of a room perfectly pure, five cubic feet of fresh air per 
hour, lor each person, and two and a half cubic feet for each candle, should 
be allowed to pass in, and an equal quantity to pass out 

588. From every heated substance, an up- 
ward current of air is continually rising. 

The existence and force of this upward current may be 

shown in the case of an ordinary stove, by attaching to the 

side of the pipe a wire on which a piece of thick paper cut in the form of a 

spiral is suspended, as Is represented in Fig. 220. The 

upward current of hot air striking against the surfaces 

of the coil causes it to revolve rapidly around the wire. 

^_ ^ Apart firom the consideration of con- 

Why are stoves ... 

and grates venience, it IS necessary that stoves and 

^^T^ °^ ^® grates, intended for warming, should be 
located as near to the floor of the room 
as possible ; since the heat of a fire has very little ef- 
fect upon the air of an apartment below the level of 
the surface upon which it is placed. 

,„^ ^ 589. When a fire is lighted in a stove 

Why does ^ 

smoke ascend or grate to warm a room, the smoke 

In a chinmey ? ^^^ Q^^ier gaseous products of combus- 

FiQ. 221. tiou, being lighter than the air of the room, 

ascend, and soon fill the chimney with a 
column of au" lighter, bulk for bulk, than 
a column of atmospheric air. Such a col- 
umn, therefore, will have a buoyancy 
proportional to its relative lightness, as 
compared with the external air and the 
air of the apartment. 

The upward tendency of a column of 
heated air constitutes the draft of a chim- 
ney, and this draft will be strong and ef- 
fective just in the same proportion as the 
column of air in the chimney is kept 
warm. 

Fig. 221 represents a section of a grate 
and chimney. C D represents the light 
and warm column of air within the chim- 
ney, and A B the cold and heavy column 
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of air outside the chimney. The column A B being cold and heavy presses 
down, the colunm C D being light and warm rushes up, and the greater the 
difference between the weight of these two columns, the greater will be the 
draft. 

A chimney quickens the ascent of hot air by keeping a long 
ch*imneyquick- column of it together. A column of two feet high rises, or is 
cH tlie ascent pressed up, with twice as much force as a column of ono 
hot air? ^0*, and so in proportion for all other lengths — just as two 

or more corks, strung together and immersed in water, tend 
upward with proportionably more force than a single cork. 

Ill a chimney where a column of hot air one foot in height is one ounce 
lighter than the same bulk of external cold air, if the chimney be one hun- 
dred feet high, the air or smoke in it is propelled upward with a force of one 
hundred ounces. 

To what is the ^^ ^^^ ^^^ ^^ Sufficiently hot, the draft of 
chimncy**^pi^ the chimnej will be proportional to its length, 
portionair Yot this reason, the chimneys of large manufiwjturing estab- 

lishments are generally very high. 

hqw should a A chimney should be constructed in such 
coMSucted? ^ a way that the flue or passage will gradually 
contiuct from the bottom to the top, being widest at the 
bottom, and the smallest at the top. 

Wh Bh Id "^^^ reason of this will be evident from the following con» 

chimney he sideratious : — ^At the base of the cliimney, the hot column of 
thrs'*minS!^?° expanded air fills the entire passage ; but as the hot air 
ascends it gradually cools and contracts, occupymg less space. 
If, therefore, the chimney were of the same size all the way up, the tendency 
would be, that the cold external air would rush down to fill up the space left 
by the contraction of the hot column of air. This action would still further 
cool the hot air of the chimney and diminish the draft. 

Some persons suppose that a chimney should be made larger at the top than 
at tlie bottom, because a column of smoke ascending in the open air, ex- 
pands or increases in bulk as it goes up. This, however, is owing, in great 
part, to the action of currents in the air, and to the fact, that a column of 
smoke freely exposed to the air, is more rapidly cooled than in a chimney, 
and losing its ascensional power, tends to float out laterally, rather than 
ascend perpendicularly. 

The causes of " smoky chimneys" are various, 
dr^iunstances* ^ chimney may smoke for want of a sufficient supply of 
will a chimney air. If the apartment is very tight, fresh air from without 
smoke ^jj ^^^ ^^ admitted as fest as it is consumed by the fire, and 

in consequence a current of air rushes down the chimney to supply the defi- 
ciency, drivmg the smoke along with it. 

A chimney will often smoke when the heat of the fire is not sufficient to 
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rarefy all the air in the chimney; in Buch cases the cold air (condensed in the 
upper part of the flue) will sink from its own weight, and sweep the ascend- 
ing smoke back into the room. 

When the fire is first lighted, and the chimney is filled with cold an:, there 
is often no draft, and consequently the flame and smoke issue into the room. 
This, in most cases, is remedied by the action of a "blower." 

A blower is a sheet of iron that stops up the space above 
laeof a blower? *^® S™*® ^^^ ^^^ prevents any air from entering the chim- 
ney except that which passes through the fiiel and produces 
oombustion. This soon causes the column of air in the chimney to become 
heated, and a draft of considerable force is speedily produced through the 
fire. The increase of draft increases the intensity of the fire. 

Another frequent cause of smoky chimneys is, that when the tops are 
commanded by higher buildings, or by a hill, the wind in blowing over them, 
falls like water over a dam, and beats down the smoke. The remedy in such 
cases is, either to increase the height of the chimney, or to fix a bonnet or 
cowl upon the top. The philosophy of this last contrivance consists in the feet 
that in whatever direction the wind blows, the mouth of the chimney is 
averted fi-om It 

,^ , In a room artificially heated, there are al- 

What is the - / /» i . n 

motion of the wajs two cutreiits of air ; one of hot air flow- 
artificiauyheau ing out of the Toom, and another of cold air 
flowing into the room. 

If a candle be held in the doorway of such an apartment, near the floor, it 
will be found that the flame will be blown inward ; but if it be raised nearly 
to the top of the doorway, the flame will be blown outward. The warm air, 
in this case, flows out at the top, while the cold air flows in at the bottom. 
jj 590. An open fire-place differs greatly fi-om a close stove 

Btove diffor in respect to ventilation, inasmuch as the former warms and 
fire™ lace ^^tn ve'^^i^*©^ an apartment, while the latter only warms, and can 
respect to ven- hardly be said to contribute at all to the ventilation. In a 
tUation? ^^^^^ stove, no air passes through the room to the flue of 

the chimney, except that which passes through the fuel, and the quantity 
of this is necessarily limited "by. the rate of combustion maintained in the 
stove. In an open fire-place, a large amount of air is continually rushing up 
the chimney through the opening over the grate, irrespective of what passes 
through the fire and maintains combustion. 

In summer time, when no fire is made in the chimney, the column of air 
in it is generally at a higher temperature than the external air^ and a current 
will therefore in such case be established up the chimney, so that the fire- 
place will still serve, even in the absence of fire, the purposes of ventilation. 
In very warm weather, however, when the external air is at a higher tem- 
perature than the air within the building, the effects are reversed ; and the 
air ui the chimney being cooled, and therefore heavier than the external air, a 
downward current is established, which produces in the room the odor of soot 
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Pia. 222. 



Why are open 
fire-pUoei iU 
adapted for 
heating? 



Tig. 222 represents the lines of the currents descend- 
ing the chimney and circulating round an apartment 
How is a room '^ Toom is well ventilated by opening 
hest rentUat- the upper sash of a window; becauso 
®**^ the hot vitiated air (which always as- 

cends toward the ceiling) can thus escape more easily. 
If the lower sash of the window be also partially opened, 
a corresponding current of cold air, flowing into the 
room, is created, and ventilation will be so effected more 
perfectly. 

Open fire-places are ill adapted for the 
economical heating of apartments, be- 
cause the air which flows from the room 
to the fire becomes heated, and passes 
off directly into the chimney, without having an oppor- 
tunity of parting with its heat for any useful purpose. 
In addition to this, a quantity of the air of the room, 
which has been warmed by radiation, is uselessly carried 
away by the draft 

The advantages of a stove over an 
What are the ^ i /> n 

adyantagesand open fire-place are as follows: 

disadvantogea 1. Being detached fi-om the walls of | 

the room, the greater part of the heat 
produced by combustion is saved. The radiated heat 
being thrown into the waUs of the stove, tiiey become hot, and in turn radi- 
ate heat on all sides of the room. The conducted heat is also received by 
successive portions of the air of the room, which pass in contact with the 
stove. 

2. The air being made to pass through the fuel, a small supply is suffi- 
cient to keep up the combustion, so that littie need be taken out of the 
room; and 

3. The smoke, in passing off by a pipe, parts with the greater part of its 
heat before it leaves the room. 

Houses warmed by stoves, as a general rule, are ill-ventilated. The air 
coming in contact with the hot metal surfaces is rendered impure, which im- 
purity is increased by the burning of the dust and other substances which 
settle upon the stove. The air is, in most cases also, kept so dry as to ren- 
der it oppressive. 

591. The method of warming houses by the common hot- 
air furnace is as follows : — A stove, having large radiating sur- 
faces, is inclosed in a chamber (generally of masonry). This 
chamber is fi-equently built with double walls, that it may be 
a better non-conductor of heat. A current of air from with- 
out is brought by a pipe or box, and delivered under the stove. A part of 
this air is admitted to supply the combustion ; the rest passes upward in the 
cavity between the hot stove and the walls of the brick chamber, and, after 
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becoming thoroughly heated, is conducted through passages in which its light- 
ness causes it to ascend, and be delivered in any apartment of the house. 
__ t «_ ^ ^^^ construction and arrangement of a Aimaoe for heat- 

points are of ing, the two points of special importance are, to secure a per- 
ancetatS^nl feet combustion of the fuel, and the best possible transmission 
struotionoffur- of all the heat formed, mto the air that is to pass into the 
"*"** ' rooms of the house. 

The first of these requisites is obtained by having a good draft and a fire- 
box which is broad and shallow, so that the coal shall form a thin stratum 
«nd bum most perfectly. 

The second requisite is obtained by providing a great quantity of surface 
in the form of pipes, drums, or cylinders, through which the smoke and hot 
gases must pass on their way to the chimney, and to which their heat will be 
imparted, to be in turn delivered to the cold and pure air of the rooms of 
the house. 

What is tha ^^^' ^® ^'^®** advantages of heating by steam are, tiiat 
advantage of the heat can be communicated for a great distance in any di- 
J^^s hy rection — ^upward, downward, or horizontally. As the tem- 
perature of the heating sur&ces, when low-pressure steam is 
used, never exceeds 212^ F., the air in contact with them is never contami- 
nated by the burning of dust, or the abstraction of oxygen. 

Under favorable drcumstances, one cubic foot of boiler will heat about 
two thousand Oubic feet of suitably inclosed space to a temperature of 70° to 
80<>F. 

whatisfiiei? ^^^* ^® *^pp^y *^^ *^"^ ^^^^^ ^ ^^y ^^^ 

stance which serves as aliment or food for fire. 
In ordinary language we mean by fuel the peculiar sub- 
stance of plants^ or the products resulting from their de- 
composition^ designated under the various names of wood^ 
coal^ &c. 

,^^^ In recently cut wood, fix>m one fifth to one half of its weight 

tion of^'^e ifl water ; after wood has been dried in the air for ten or 

weight of wood twelve months, it will even then contain fix)m 15 to 26 per 
u water r ' 

cent, of water. 

The amount of moisture in wood is greatest m the spring and summer, when 

the sap flows fireely and the mfluence of vegetation is the greatest "Wood, 

therefore, is generally cut in the winter, because at that season there is but 

little sap in the tissues, and the wood is drier than at any other period. 

Woods are designated as hard and soft. This distinction is 

d^^SItod*^ grounded upon the facility wtth which they are worked, and 

hard and soft? ^p^^ their power of producing heat. Hard woods, as the 

oak, beech, walnut, elm, and alder, contain in the same bulk more solid fiber, 

and their vessels are narrower and more closely packed than those of the 

softer kinds, such as pine, larch, chestnut, etc. 

1? 
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What Is the 594 The weight of wood varies greatly ; 
wS'ofwood? fro°i forty-four hundred pounds in a cord of 
dry hickory, to twenty-six hundred in a cord 
of dry, soft maple. 

What ii the 595. For fuel, the most valuable of the com- 
Siir^^J^ ^on kinds of wood are the varieties of hickory; 
.for fuel? after that, in order, the oak, the apple-tree, 

the white-ash, the dog-wood, and the beech. The woods 
that give out the least heat in burning are the white-pine, 
the white-birch, and the poplar. 

la It DrofttaUe ^^^* "^^ remark is sometimes made that " it is economy to 
to barn green bum g^een wood, because it is more durable, and therefore 
wood? ^ ^jjg g^^ jQQpg cheap." This idea is erroneous. The oon- 

fRimptioH of green wood is less rapid tiian dry, but to produoe a given amount 
of heat, a ikr greater amount of fuel must be ooa^umed. 

The evaporation of liquids, or their conversioo into steam, oonsumes or ren- 
ders latent a great amount of caloric. When green wood or wet coal is added 
to the fire, it abstracts fh>m it by degrees a sufficient amount of heat to con- 
vert its own sap or moisture into steam before it is capable of being burned. 
As long as any considerable part of this fluid remains unevaporated, the 
combustion goes on slowly, the fire is dull, and the heat feeble. 
Wh coal ^^'^' ^^ "^^ tard wood are not readily ignited by the 

end hard woode blaze of a match, because on account of their density they are 
nito*^"wlS **» re^i^>^®<l comparatively good conductors, and thus cany oflf 
match? the heat of the kindling substance, so as to extinguish it^ 

before they themselves become raised to the temperature 
necessary for combustion. 

Light fuel, on the contrary, being a slow conductor of heat, kindles easily, 
and, finom the admixture of atmospheric air in its pores and crevices, bums 
out rapidly, producing a comparatively temporary, though often strong heat 



CHAPTER XIII. 

METEOROLOGY. 



Whet to Mfr- ^98. Meteoeology is that department of 
teoroiogy? physical science which treats of the atmos- 
phere and its phenomena, particularly in its relation to 
heat and moisture. 

5d9. By climate, we mean the condition of a place in 
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What do we relation to the various phenomena of the at- 
tem cumate^® mosphere, as temperature, moisture, etc. Thus, 
we speak of a warm or cold climate, a moist 
or dry climate, etc. 

How is the 600. The mean or average temperature of 
?ISl;J?^f a"d^ the day is fouad by observing the thermometer 
found? Q^^ ^xed intervals of time during the twenty- 

four hours, and then dividing the sum of the tempera- 
tures by the number of observations. 

. . , ^ . . From such a series of observations it has been found that 

At wnat time , , « , ■• 

is the tempe- the lowest temperature of the day occurs shortly before sun- 

Siy" thehi^hert ^^ ^^ *^® highest a few hours after 12 at noon, somewhat 
«Dd lowest? later in summer and somewhat earlier in winter. 

The mean annual temperature of any par- 
ticular location is found by taking the average of all the 
mean daily temperatures throughout the year. 

The mean daily temperature of any place seems to vary in a regular and 
constant manner, while the mean annual temperature of the same location is 
very nearly a constant quantity. Thus, by long observations made in Phil- 
adelphia, it has been found timt the mean daily temperature of that locality is 
one degree less than the t^perature at 9 o'clock, a. m., at the same place ; 
while the mean annual tem{)iS!tature of Paris varied only 4° in thirteen years. 

All the results of observation seem to show that the same quantity of heat 
is always annually distributed over the earth's surface, although unequally — 
that is to say, the averdge annual temperature of each place upon the earth's 
surface is very nearly the same. In our latitude, July is on the average the 
hottest month, and January the coldest ; and in reference to particular days, 
we may on an average consider the 26th of July as the hottest, and the 14th 
of January as the coldest day of the year for the temperate zone of the north- 
em hemisphere. 

How does tem- Tho avetage annual temperature of the at- 
SiS* tti ^Z mosphere diminishes from the equator toward 
****** either pole. 

At the equator, in Brazil, the average annual temperature is 84^ Fahren- 
heit's thermometer ; at Calcutta^ lat 22° 35^ K, the annual temperature is 
780 P.; at Savannah, lat. 32° 5' N. the annual temperature is 65° P.; at 
London, lat. 51° 31^ N., the annual temperature is 50° P. ; at Melville 
Island, lat 74^ 47^ K, the average annual temperature is 1° below zero. 
Wh is tth 601. If the whole surface of the earth were covered by 

temperature of water, or if it were all formed of solid plane land, possessing 
fne^^'aame everywhere the same character, and having an equal ca- 
Utltade alike i pacity at all places for absorbing and ajj^ radiating heat, tho 
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temperatare of a place would depend only on its gec^n^phical latitade^ and 
consequently all places having the same latitude would have a like climate. 
Owing, however, to various disturbing causes, such as the elevation and form 
of the land, the proximity of the sea^ the direction of the winds, etc., places 
of the same latitude^ and comparatively near each other, have very different 
temperatures 

In warm climates the proximity of the sea tends to diminish the beat ; in 
cold clunates, to mitigate the cold. Islands and peninsulas are wanner than 
continents ; bays and inland seas also tend to raise the mean temperature. 
Chains of mountains which ward off cold winds, augment the temperature; 
but mountains which ward off south and west winds, lower it. A sandy soil, 
which is dry, is warmer than a marshy soil, which is wet and subject to great 
evaporation. 

602. Air absorbs moisture at all tempera- 
eapacity of ai? turcs^ and retaios it in an invisible state, 
or m tare rpj^.^ powcr of the air is termed its capacity 
for absorption. 

The capacity of air for moisture increases with the tem- 
perature. 

A volume of air at 32° can absorb an amount of moisture equal to the hun- 
dred and sixtieth part of its own weight, and for every 27 additional degrees 
of heat, the quantity of moisture it can absorb at 32° is doubled. Thus a body 
of air at 32° F. absorbs the 160th part of its own weight ; at 59«» F., the 80th ; 
at 86° F., the 40th ; at 113° F., the 20th part of its own weight in moisture. 
It follows from this that while the temperature of the air advances in an arith- 
metical series, its capacity for moisture is accelerated in a geometrical seriea 

When is air -^^ ^^ Said to bc Saturated with moisture 
Sted?^®"**"' when it contains as much of the vapor of water 
as it is capable of holding with a given tem- 
perature. 

We say that air is dry when water evaporates quickly, or any wetted sur- 
&ce dries rapidly ; and that it is damp when moistened surfaces dry slowly, 
or not at all, and the sUghtest diminution of temperature occasions a deposit 
of moisture in the form of mist and rain. These expressions do not, however, 
convey altogether a correct idea of the condition of the atmosphere, since air 
■ which we term " dry," may contain much more moisture than that which we 
distinguish as " damp." For indicating the true condition of the atmosphere 
in reference to moisture, we therefore use the terms " absolute" and " relative" 
humidity. 

When we speak of the absolute humidity of the air, we 

by absolute*and ^^^^ reference to the quantity of moisture contained in a given 

relative humid- volume. By relative humidity, we refer to its proximity to 

^ saturation. Relative humidity is a state dependent upon the 

mutual influence of absolute humidity and temperature ; for a given volume 
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Upon 



hygrometers 
constructed ? 



of air may be made to pass from a state of dampness to one of extreme dry- 
ness, by merely elevating its temperature, and this, too, without altering the 
amount of moisture it contains in the least degree. 

What are Hy- Instruments designed for measuring the 
grometers? quantity of moisture contained in the atmos- 
phere, are called Hygrometers.* 

, . Many organic bodies have the property of absorbing vapor, 

lincipie are and thus increasing their dimensions. Among such may be 
mentioned hair, wood, whalebone, ivory, etc. Any of these 
connected with a mechanical arrangement by which the 
change in volume might be registered, would furnish a hygrometer. 

A large sponge, if dipped in a solution of salt, potash, soda, or any other 
substance which has a strong attraction for water, and then squeezed almost 
dry, will, upon being balanced in a pair of scales suspended from a steady 
support, be found to preponderate or ascend according to the relative damp- 
ness or dryness of the weather. 

The beard of the wild oat may also serve as a hygrometer, as it twists 
around, during atmospheric changes from dampness to dryness. 

If we fix against a wall a long piece of catgut, and hang a weight to the 
end of it, it will be observed, as the air becomes moist or dry, to alter in 
length ; and by marking a scale, the two extremities of which are determined 
by observation when the air is very dry, and when it is saturated with moist- 
ure, it will be found easy to measure the variations. 

_, .. ^, An instrument called the " Hair Ilygrom- 

Descnbe the „ . , ,...,, 

"Hair lly- eter," 13 constructed upon this prmciple. It 
grometerj" consists of a human hair, fastened at one 

extremity to a screw (see Fig. 223), and at the other pass- 
ing over a pulley, being strained tight by a silk thread and 
weight, also attached to the pulley. To the axis of the 
pulley an index m attached, which passes over a graduated 
scale, so that as the pulley turns, through the shortening or 
lengthening of the hair, the index moves. When the in- 
strument is in a damp atmosphere, the hair absorbs a con- 
siderable amount of vapor, and is thus made longer, while 
in dry air it becomes shorter; so that the index is of 
course turned alternately from one side to the other. 

The instrument is graduated by first placing it in air ar- 
tificially made as dry as possible, and the point on the 
scale at which the index stops under these circumstances, 
is the point of greatest dryness, and is marked 0. The 
hygrometer is then placed in a confined space of air, which 
is completely saturated with vapor, and under these cir- 
cumstances the index moves to the other end of the scale : 
this point, which is that of greatest moisture, is marked 

* Hygrom&Ur^ from the Greek words vypoi (moist) and nerp/v (measure). 
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100. The intervcoing space is then divided into 100 equal parts, VThich 
indicate different degrees of moisture. 
Such hygrometers are not, however, considered as altogether reliable. 

SECTION I. 

PHEKOHENA AND PEODUOTION OF DEVT. 

What 18 Dew? ^^^' ^^^ ^^ *^® moisture of the air con- 
densed by coming in contact with bodies colder 
than itself. 

What is the 604. The temperature at which the conden- 
Dew-Point? Batiott of moistuTC in the atmosphere com- 
mences, or the degree indicated by the thermometer at 
which dew begins to be deposited, is called the " Dew- 
Point." 

Is th d - '^^ P*'™* ^ ^^ °^ means constant or invariable, since dew 
point a con- is only deposited vrhen the air is saturated with vapor, and 
Btant one ? ^\^q amount of moisture required to saturate air of high tern- • 

perature is much greater than air of low temperature. 

If the saturation be complete, the least diminution of temperature is at- 
tended with the formation of dew ; but if the air is dry, a body must be 
several degrees colder before moisture is deposited on its surface ; and indeed 
the drier the atmosphere, the greater will be the difference between the tem- 
perature and its dew-point 

Dew may be produced at any time by bringing a vessel of 
production * of ^^^ water into a warm room. The sides of the vessel cool 
dew be occa- the surrounding air to such an extent that it can no longer 
timolp * *°^ retain all its vapor, or, in other words, the temperature of the 
air is reduced below the dew-point ; dew therefore forms upon 
the vessel A pitcher of water under such circumstances is vulgarly said to 
"sweat" 

In the same manner, moisture is deposited upon the windows of a heated 
apartment when the temperature of the external air is low enough to suffi- 
ciently cool the glass. 

__ , ^ As soon as the sun has set in summer, and the earth is no 

Why is dew _ . ,.«,./... 

formed in sum- longer receivmg now supplies of heat, its surface begins to 

mcr after sun- tlirow off the hcat which it has accumulated during the day 

by radiation ; the air, however, does not radiate its heat, and, 

in consequence, the different objects uj^on the earth's surfoce are soon cooled 

down from 7 to 25 degrees below the temperature of the a!r. The warm 

vapor of the air, coming in contact with these cool bodies, is condensed and 

P'«^cipitated as dew. 

^n a clear summer's night, when dew is depositing, a thermometer laid 
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upon the grass, wiH smk nearly 20 degrees below one suspended in the air 
at a little distance above. 

_ , ^ ^ All bodies have not an equal capacity for radiathisr heat, 
stances is devr but some cooi much more rapidly and perfectly than others, 
deposited most Hence it follows, that with the same exposure, some bodies 
will be densely covered with dew, while others will remain 
perfectly dry. 

Grass, the leaves Of trees, wood, etc., radiate heat very freely : but polished 
metals, smooth stones, and woolen cloth, part with theu* heat slowly: the 
former of these substances will therefore be completely drenched witti dew, 
whQe the latter, in the same situations, will be almost dry. 

The surfaces of rocks and barren lands are so compact and hard, that they 
can neither absorb nor radiate much heat; and (as their temperature varies 
but. shghtly) very little dew deposits upon theuL Cultivated soils, on the 
contrary (being loose and porous) very freely radiate by night the heat which 
they absorb by day; in consequence of which they are much cooled down, 
and plentifully condense the vapor of the air into dew. Such a condition 
of things is a remarkable evidence of design on the part of the Creator, since 
every plant and inch of land which needs the moisture of dew is adapted to 
collect it; but not a smgle drop is wasted where its refreshing moisture is not 
required. 

605. Dew is deposited most freely upon a calm, dear nighty 
stances influ- Since under such circumstances heat radiates from the earth 
duction of dew? ™^*^ freely, and is lost m space. On a cloudy night, on the 
contrary, the deposition of dew is almost entirely interrupted, 
since the lower sur&ces of the clouds turn back the rays of heat as they 
radiate, or pass off from the earth, and prevent thefr dispersion into space ; 
the sui^ce of the earth is not, therefore, cooled down sufficiently to chUl the 
vapor of the air into dew. 

When the wind blows briskly, also, little or no dew is formed, since vrann 
air is constantly brought into contact with solid bodies, and prevents their re- 
duction in temperature. 

Can dew be ^^^ ^^ always formed upon the surface of 
properly said to ^j^ material upon which it is found, and does 
not fall from the atmosphere. 

Other thmgs being equal, dew is most abundant in situations most exposed, 
because the radiation of heat is not arrested by houses, trees, eta Little dew 
is ever observed in the streets of cities, because the objects are necessarily 
exposed to each other's radiation, and an interchange of heat takes place, 
which maintains them at a temperature uniform with the air. 
P ^ - Dew rarely fe,lls upon the surface of water, or upon sliips 

upon the sur- in mid-ocean. The reason of this is, that whenever the 
fece of water ? aqueous particles at the surface are cooled, they become heavier 
than those below them, and sink, while warmer and lighter particles rise to 
the top. These, in their turn, become heavier, and descend ; and this pro- 
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cess, continuing throughout the night, maintains the sur&ce of the water and 
the air at nearly the same temperature. 

Although dew does not appear upon i^ips in mid-ooean, it is freely depos- 
ited on the same vessels arriving in the vicinity of land. Thusy navigators 
who procoed from the Straits of Sunda to the Coromandel coast, know that 
they are near the end of the voyage when they percwve the ropes, sails, and 
other objects placed on the deck become moistened with dew during the 
night. 

The exposed parts of the human body are never covered with dew, because 
the vital temperature, varying from 9G° to 98^ F., eflfectually prevents a loss 
of heat sufficient for its deposition. 

Dew is produced most copiously in tropical countries, because there Is in 
such latitudes the greatest difference between the temperature of the day and 
that of the night. The development of vegetation is also greatest in tropical 
countries, and a great part of the nocturnal cooling is due to the leaves which 
present to the sky an immense number of thia bodies, having large surface, 
well adapted to radiate heat 

Dew rarely &lls upon the small islands of the Pacific; the reason is, that 
ihe air over the vast ocean in which these islands are situated, preserves a 
nearly uniform temperature day and night The islands are comparatively 
of small extent, aud the stratum of air cooled by the contact of the soil is 
warmed by mixing with the air that is constantly reaching it from the sea. 
This prevents a dopreseaon of temperature in the air sufficient to cause a depo- 
sition c^ dew. 
whafcisfrost? ^06. Frost IS frozen dew. 

"When the temperature of the body upon which the dew Is 
deposited sinks below 32^ F., the moisture freezes and assumes a solid form, 
constituting what is called ^^ frost." 

Shrubs and low plants are more liable to be injured by fi-ost than trees of 
a greater elevation, since the air contiguous to the surfitce of the groxmd is the 
most reduced in temperature. 

WI17 docs a -A.n exceedingly thin covering of muslin^ 
prSeerobl^f matting, ctc, will prevent the deposition of 
froS?^*"^ ^' ^^^ ^^ ^^^^* npon an object, since it prevents 
the radiation of heat, and a consequent cool- 
ing sujQElcient to occasion the production of either dew or 
frost. 

Fig. 224, in which the arrows indicate the movements of heat, and the 
numerals the temperatures of the earth and air under different circumstances, 
will render the explanations of the phenomena of dew and frost more in- 
telligible. 

The figures in the middle of the diagram represent the temperature of the air 
at a distance fi^m the surface of the earth ; the figures in the margin, the 
temperature of the air adjoining the surface of the earth ; the figures below 
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the margin, the temperature of the earth itself. The directions of the arrows 
represent the radiation and reflection of the heat 
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SECTION II. 

CLOUDS, RAIN, SNOW, AND HAIL. 

607. Clouds consist of vapor evaporated from 
the earth, and partially condensed in the 
higher regions of the atmosphere. 

How is mist or When air, saturated with vapor, in imme- 
fogoccasioned? ^jjg^^g contact with the surface of the earth is 
cooled down rapidly, its vapor is condensed ; if the con- 
densation, however, is not sufficient to allow of its precipi- 
tation in drops, it floats above the surface of the earth as 
mist or fog. 

Howdodonds, Clouds, fog, and mist differ only in one re- 
spect. Clouds float at an elevation in the air, 
while fogs and mists come in contact with the 
surface of the earth. 

Mist and fog are also formed when the water of lakes and rivers, or the 
damp ground, is warmer than the surrounding air which is saturated with 
moisture. The vapors which rise in consequence of the higher temperature 
of the water, are immediately recondensed, as soon as they diffuse themselves 
through the colder air. 

Mist and fog are observed most frequently over rivers and marshes, be- 
cause in such situations the air is nearly saturated with vapor, and therefore 

12* 



fop;, and mist 
differ? 
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the least depression of temperature will compel it to relinquish some of its 

moiature. 

„^ , ,^ The moisture contiined in the air wo expel from the lungs 

Why is tbe . , ^ , , . . ^ , . Tt 

i:j..i-imr.» of m tho process of respiration, is vioiblo in winter, but not m 

': J "'•••^'^▼i*- summer. T'.io reason of this is, that iu coli weather tho vapor 
ii (1 not Li id condousvd bj thi.' cxt.rnul air, but in summer the lenipera- 
Kummer r ^^^j^ ^^ ^^^ ^ -^ ^^^ sofficic.'ntly reduced to effect condensation. 

In what Hum- During the daily process of evaporation from the surface of 
mr An>cloadt the earth, warm, humid currents are continually ascending; 
funned r ^j^^^ hi^'her tlh-y ascend, the colder is the atmosphere into 

wl.ij'h thi>y enter; and as they coutluuo to rl^e, a point will at length bo 
aiiaiiuvl where, hi union with the coldor air, their original humidity can no 
Ion;: r be retciined : a ebud will then appear, which increases in bulk with 
tlio upward progress of the current into colder regions. 

To a person in the valley, the top of a mountain may seem enveloped in 
clouds ; while, if ho were at tho summit, he would be surrounded by a mist, 
or fog. 

,„^ ^ , ^ Tho reason why clouds, which are condensed vapor, float 

Whydoclonds . , , . , , . - . , , 

float ill the ai- m tlie atmosphere is, that they consist of very mmute glob- 
mosphere ? ^1^3 (called vesicles), which, although heavier than the sur- 

rounding air, have a great extent of surface in comparison with their weight 
On account of the resistance of the air, they sink very slowly, as a soap- 
bubble, which greatly resembles these vesicles, sinks but slowly in a calm 
atniosphere. As theso vesicles do, however, gradually sink, the question 
arises, why do not the clouds fall to the ground ? The explanation of this is^ 
that the vesicles which sink in calm weather can not reach the ground, be- 
cause in their descent they soon meet with warmer strata of air which are not 
saturated with moisture, where they again dissolve into vapor and are lost to 
view: at the same time that tho vesicles of vapor dissolve at the lower limits 
of the clouds, new ones are formed above, and thus the doud appears to float 
immovably in the air. 

When the atmosphere is agitated, the vesicles of vapor constitutmg clouds 
are driven in the direction of the currents of air. A wind moving in a hori- 
zontal direction will carry the clouds in the same direction ; and an ascend- 
ing current of air will lift them up, as soon as its velocity becomes greater 
than the velocity with which the vesicles would fall to the ground in a calm 
condition of the air. In like manner, soap-bubbles are elevated by the wind 
and carried to considerable distances. 

Clouds frequently appear and disappear with a change in 
affect the the direction and character of the wind. Thus, if a cold wind 
clouds? blows suddenly over any region, it condenses the invisible va. 

por of the air into cloud or rain ; but if a warm wind blows over any region, 
it disperses the clouds by absorbing their moisture. 

The average height at which clouds float above the surface 
nverage height ^^ t^® ®^^^ ^^ ^ ^^™ ^^Y^ ^^ between ono and two miles, 
pf clouda? Light, fleecy clouds, howeyer, sometimes attam an elevation 

of five or ox milea. 
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«^ 
WhatoccaaioM When douds are not continuous over the whole sor&ce of 
and bro^^^ the skj, various circumstances contribute to give them a 
peannce of rou^h and uneven appearance. The rays of the sun idling 
upon dififerent sur&ces at difi'erent angles, melt away one set 
of elevations and create another set of depressions ; the heat also, which is 
liberated below in the process of condensation, the currents of warm air 
escaping from the earth, and of cold air descending from above, all tend to 
keep the clouds in a state of agitation, upheaval, and depression. Under 
these influences, the masses of condensed vapor composing the douds are 
caused to assume all manner of grotesque and fanciful shapes. 

The shape and position of douds is also undoubtedly influenced in a con- 
siderable degree by their electrical condition. 

,«^ . , , Clouds are frequently seen to collect around 

Whydodoads . ,11 1 1 

frequently ooi- mouutam peaks, when the atmosphere else- 
mountain where is clear and free from clouds. This is 
caused by the wind impelling up the sides of 
the mountains the warm, humid air of the valleys, the 
moisture of which, in its ascent, gradually becomes con- 
densed by cold, and appears as a cloud. 
Hoir man ^^^' ^^louds are generally divided into four 
kindsof douds great classes, viz. : the Cirkus, the Cumulus, 

arerecogaixed? , >^ 1 t -^-r 

the Stratus, and the Nimbus. 
cSrwdou??* ^^^ Cirrus* cloud consists of very delicate 
thin streaks, or feathery filaments, and is 
usually seen floating at great elevations in the sky during 
the continuance of fine weather. 

It is highly probable that the cirrus doud, at great elevations, does not con- 
sist of vesicles of mist, but of flakes of snow. 

Fig. 225, Of represents the appearance of this variety of cloud. 

What is tht The Cumulusf cloud consists of large round- 
cuuittiuBdoud? g^ masses of vapor, apparently resting upon 
a horizontal basis. When lighted up by the sun, cu- 
mulus clouds present the appearance of mountains Oi 
snow. 

The cumulus is espedally the cloud of day, aud its figure is most perfect 
during the fine, warm days of summer. 

Fig. 225, 6, illustrates the appearance of the cumulus cloud. 

These clouds appear in greatest number at noon, on a fine day, but disap- 
pear as evening approaches. The explanation of tbis is, that at noon the cur- 

• From the Latin word cirrus — a lock of hair, or cnrL 
t From the Latin word cum^Uua-'^ mass, er pile. 
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rents of warm idr ascending fiom the earth are more buoyant, larger, and ri% 
higher, and when condensed, form large masses of clouds, each of which may 
be considered as the capital of a column of air, whose base rests upon the earth. 
Ab the heat of the sun diminishes in the afternoon, the strength of the cur- 
rents abate, the clouds, which are buoyed up by their force, sink down into 
warmer regions of the atmosphere, and are either partially or wholly dia- 
■olyed. 

Fia. 225. 




Cirrus, a; Cumulus, 6; Stratus and Nijubus, c. 



The rounded figure of the cumulus has been attributed to its method of 
formation ; for when one fluid flows through another at rest, the outline of 
the figure assumed by the first will be composed of curved lines. This fact 
may be shown, and the appearance of the cumulus imitated, by allowing a 
drop of milk or ink to fall into a glass of water. The same thing is also 
seen in the shape of a cloud of steam as It issues fi:om the boiler of a loco- 
motive. 
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What Is the The Stratus,* or stratified cloud, consists 
stratus cloud? ^f horizontal streaks, or layers of vapor, which 
float like a veil at no very great elevation from the surface 
of the earth. They frequently appear with extraordinary 
brilliancy of color at sunset. 

'fhe appearance of the stratus is represented at c, Fig. 225. 

What Is the T^® Nimbus, or the cloud of rain, has no 
Nimbus? characteristic form. It generally covers the 
whole horizon, imparting to it a bluish black appearance. 
The various forms of clouds gradually pass into each other, so that it is 
often difficult to decide whether the appearance of a cloud approaches more 
to one type than another. The intermediate forms are sometimes designated 
as cirro-stratus, cirro-cumulus, and cumulo-stratus. 

609. Eain is the vapor of the clouds or air 
condensed and precipitated to the earth in drops. 
H<nr is rain Rsi^in is generally occasioned by the union of 
occasioned? ^^^ ^j, morc volumcs of humid air, differing 
considerably in temperature. Under such circumstances, 
the several portions in union are incapable ot absorbing the 
same amount of moisture that each could retain if they 
had not united. The excess, if veiy great, falls as i*ain ; 
if of slight amount, it appears as cloud. 
Upon what law 610. Thc law upou which the condensation 
tiotrif raS™eI ^f vapor and the formation of rain depends is, 
^^^'^ that the capacity of the air for moisture de- 

creases in a greater ratio than the temperature. 

611. Rain falls in drops, because the vesicles of vapor, in 
^Hn**Sop8? *^®"^ descent, attract each other and merge together, thus 
forming drops of water. The size of the drop is increased in 
proportion to the rapidity vrith which the vapors are condensed. 

In rainy weather the clouds Cill toward the earth, for the reason that they 
are heavy with partially-condensed vapors, and the air, on account of its 
diminished density, is less able to buoy them up. 

612. The quantity of rain falling at any one time or 
place, is measured by means of an instrument called a 
" Rain-Guage." 

This usually consists of a tin cylindrical vessel, M, Fig. 
^SSii^GaaM ^ 226, the upper part of which is closed by a cover, B, in the 
shape of a funnel, with an aperture in its center. The water 
* Stratns, from the Latin stratus — that which lies low in the form of a bed or layer. 
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Fig. 22fi. feDingnpon the top of 

the cylinder flows into 
the interior through 
the opening, and i 
thus protected from 
evaporatioD. Prom the 
base of the appara- 
tus a graduated glass 
tube. A, ascends, in 
which the water 
rises to the same 
lyight as in the in- 
terior of the cylinder. 
Supposing the apparatus to be placed in an exposed atuation, and at the end 
of a month, for example, the hei^t of the water in the tube is five inches: 
this would indicate that the water in the cylinder had attained to an equal 
elevation, and consequently that the rain which had fallen during this inter* 
yal, would, if not diminished by evaporation or infiltration, cover the earth to 
the depth of five inches. 

f » gf4 613. Rain &Ils most abundantly in countries nemr the equar 

tiont ii rain tor, and decreases in quantity as we approach the poles, 
most abundant? There are more rainy days, however, in the temperate zones 
than in the tropics, although the yearly quantity of rain Ming in the latter 
districts is much greater than in the former. 

In the northern portions of the United States, there are on an average about 
134 rainy days in a year ; in the Southern States the number is somewhat 
less, being about 103. 

The reason why it rains more frequently in the temperate zones than in the 
tropics is because, the formOT are regions of variable winds, and the tempe- 
rature of the atmosphere changes often ; while in the tropics the wind changes 
but rarely, and the temperature is very constant throughout a great part of 
the year. In the tropics the year is divided into only two seasons, the wet, 
or rainy, and the dry season. 

What In the '^^^ average yearly fall of rain In the tropics 
?Ifnfndi»"eSt ^^ ninoty-five inches ; in the temperate zone 

countries? ^^Jy thirty-fivC. 

The greatest rain-fall, however, is precipitated in the shortest time. Ninety- 
five inches fall in eighty days on the equator, while at St. Petersburg the 
yearly rain-fall is but seventeen inches, spread over one hundred and sixty- 
nine days. Again, a tropical wet day is not contmuously wet The morn- 
ing is clear ; clouds form about ten o'clock ; the rain begins at twelve, and 
pours till about half past four ; by sunset the clouds are gone, and the nights 
are invariably fine. 

The depth of rain which falls yearly in London is about twenty-five inches;" 
but at Vera Cruz, in the Gulf of Mexico, rain to the amount of two hundred 
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and seyenly-eight inches is precipitated. The explanation of this is to be 
founa in the peculiar location of the city, at the foot of lofty mountains^ whose 
summits are covered with perpetual snow ; against these the hot, humid air 
from the sea is driven by the winds, condensed, and its excess of moisture 
precipitated as rain. 

614. Some countries are entirely destitute of rain; in a part of Egypt it 
never rains, and in Peru it rains once, perhaps, in a man's lifetime Upon 
the table-land of Mexico, in parts of Guatemala and Califomia, rain is very 
rare. But the most extensive rainless districts are those occupied by the 
great desert of Africa, and its continuation eastward over portions of Arabia 
and Persia to the interior of Central Asia^ over the great desert of Gobi, the 
table-land of Thibet, and part of Mongolia. These regions embrace an area 
of five or six millions of square miles that never experience a shower. 

The cause of this scarcity is to be sought for in the peculiar conformation 
of the country. 

In Peru, for example, parallel to the coast, and at a short distance from the 
eea, is the lofty range of the Andes, the peaks of which are covered with 
perpetual snow and ice. The prevailing wind is an east wind, sweeping from 
the Atlantic to the Pacific across the continent of South America. As it ap- 
proaches the west coast, it encounters this range of mountains, and becomes 
do cooled by them that it is forced to precipitate its moisture, and passes on 
to the coast almost devoid of moisture. In Egypt and other desert countries, 
the dry sandy plains heat the atmosphere to such an extent that it absorbs 
moisture, and precipitates none. 

On the other hand, there are some countries in which it may be said to 
always rain. In some portions of Goiana, in South America, it rains for a 
great portion of the year. The fierce heat of the tropical sun fills the atmos- 
phere with vapor, which returns to the earth again in constant showers as 
the cool winds of the ocean flow in and condense it. 
^^ ^ , ^^ 615. The whole quantity of water annually precipitated as 

What Is the . , , ,^ / . ,,•.-. 

whole eirti- ram over the earth's surmce is calculated to exceed seven 
oHMtit ^^^'^f hundred and sixty millions of tons. This entire amount is 
mfn? raised into the atmosphere solely by evaporation. It has been 

also calculated, that the daily amount of water raised by 
evaporation from the sea alone, amounts to no less than one hundred and 
sixty-four cubic miles, or about sixty thousand cubic miles annually. 

During the months of October and November, the daily amount of evapo- 
ration from the surface of the ocean, between the Cape of Good Hope and 
Calcutta, is known to average three quarters of an inch from the whole 
surface. 

What curions "^^ amount of moisture constantly present in the atmos- 
inflncnces are phere of any country, exercises an important influence upon 
«^*moiJtare'l5 *^® physical system of the inhabitants, and upon their arts 
the atmosphere? and professions. The atmosphere of the northern United 

States is uncommonly dry, much more so than in England or 
Germany. To this in a great measure is owing the difference in the physical 
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appearance of the inhabitants of these respectiTe comitrie& Painters find that 
their work dries quicker, also, in New England than in central Europe. 
Cabinet-makers in the United States are obliged to use thicker glue, and 
watchmakers animal instead of vegetable oil Pianos are rarely imported fix)m 
Europe into the United States, because the difference in the climate of these 
two countries is so great, as respects moisture, that the foreign instruments 
shrink, and quickly become damaged. 

whatiiSnoirf 616. Snow is the condensed vapor of the air, 
frozen and precipitated to the earth. 

How Is snow ^^ knowledge in respect to the formation of snow in tha 
probably form- . atmosphere is very limited. It is probable that the douds in 
^^ which the flakes of snow are first formed, consist, not of vesi- 

cles of vapor, but of minute crystals of ice, which by the continuous condens- 
ation of vapor become larger and form flakes of snow, which continue to 
increase in size as they descend through the air. 

When the lower regions of the air are sufficiently warm, the flakes of snow 
melt before they reach the ground ; so that it may rain below, while it snows 
above. 

The largest flakes of snow are formed when the air abounds with vapor, 
and the temperature is about 32^ F. ; but as the moisture diminishes, and the 
cold increases, the snow becomes finer. 

In extreme cold weather, when a volume of cold air is suddenly admitted 
into a room, the air of which is saturated with moisture, it sometimes hap- 
pens that the vapor of the room will be condensed and fi*ozen at the same 
instant, thus producing a miniature fall of snow. 

What is the ^^*^' ^^ examining a snow-flake beneath a microscope, it is 
physical com- found to consist of regular and symmetrical crystals, having a 
LTfllkel' great diyereity Of form. 

These crystals also exist in ice, but are so blended together 
tliat their symmetry is lost in the compact mass. 

The crystals of snow may, under fevorable circumstances, be seen with 
the naked eye, by placing the flake upon a dark body cooled below 32® P. 
Fig. 227 represents the varied and beautiful forms of snow crystals. 

The bulk of recently-fallen snow is ten or twelve times greater tian that 
of the water obtained by melting it 

618. Hail is the moisture of the air frozen 

WhatisHaU? . _ ^. 

into drops of ice. 

Can the phe- ^® phenomenon of hail has never been satisfactorily ex- 
nomenonofhaii plained. It is difficult to conceive how the great cold is pro- 
MtisfaSoriiyf duced which causes the water to freeze under the circum- 
stances, and also how it is possible that the hail-stones, after 
having once become sufficiently large to fall by their own weight, can yet 
remain long enough in the air to increase to so considerable a size as is 
sometimes seen. A hail-storm generally lasts but a few minutes, very sel- 
dom as long as a quarter of an hour; but the quantity of ice which 
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escapes from the clouds in so short a time is very 
been observed to fall of a weight of 10 or 12 ounces. 

Fia. 22Y. 
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;, and masses have 




619. Hail-stones are generally pear-shaped, and if they are divided throttgh 
the center, they will be found to be composed of alternate layers of ice and 
snow, arranged around a nucleus, like the coats of an onion. 

Hail-storms occur most jQrequently in temperate climates, and rarely within 
the tropics. They occur most frequently in northern latitudes, in the vicinity 
of high mountains, whose peaks are always covered with ice and snow. The 
south of France, which lies between the Alps and Pyrenees, is annually rav- 
aged by haU ; and the damage which it causes yearly to vineyards and stand- 
ing crops has been estimated at upward of nine millions of dollars. 



SECTION III. 



620. Wind is air put in motion. The air is 
never entirely free from motion, but the ve- 
locity with which it moves is perpetually varying. 

621. The principal cause of movements in 
prindpafcauTO tho atmosphcre is the variation of temperature 

produced by the alternation of day and night 
and the succession of the seasons. 

How can van- When, through the agency of the sun, a particular portion 
perXre pro^ ^^ *^® earth's surface is lieated to a greater degree than the 
dace wind? remainder, the air resting upon it becomes rarefied and 
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ascends, while a current of cold air rashes in to supply the vacancy. Two 
currents, the one of warm air flowing out, and the other of cold air flowing 
in, nn» thus continuallj produced; and to these movements of the atmosphere 
we apply the dcsij^nation of wind. 

If tho whole surface of the earth were covered with water, 

^ih°^' ^1^ f ^^ *^® winds would always follow tho sun, and blow uniformly 

tuf.'s of the from east to west. The direction of the wind is, however, 

wiadsV^**'**^* continually subject to interruption from mountains, deserts, 

plains, oceans, eta 

Thus mountains which are covered with snow, condense and cool the ak 
brought in contact with them, and when the temperature of the current of 
air constituting the wind is changed, its direction is liable to be changed also. 
The ocean is never heated to the same degree as the land, and in conse- 
quence of this, the general direction of the wind is from tracts of ocean to- 
ward tracts of land. 

In those parts of the world which present an extended sor&ce of water, 
the wind blows with a great degree of regularity. 

What iB the ^22. Every variation exists ui the speed of winds, from 
Telocity and the mildest zephyr to the most violent hurricane, 
force o ^ ^.^^ which is hardly perceptible moves with a velocity 

of about one mile per hour, and with a perpendicular force on one square foot 
of -005 pounds avoirdupois. 

In a storm, the velocity of the wind is from 50 to 60 mUes per hour, and 
the pressure from 7 to 12 pounds per square foot. In some hurricanes, the 
velocity has been estimated at from 80 to 100 miles per hour, with a varying 
force of from 30 to 50 pounds. 

The force of the wind is ascertained by ob- 
fo?ce of wind serving the amount of pressure that it exerts 

calculated? ° . , „ t i . •. 

upon a given plane surface perpendicular to its 
own direction. 

If the pressure-plate acts freely upon spiral springs, the power of the wind 
is denoted by the extent of their compression, which thus becomes a measure 
of theur force, the same as in weighing by the ordinary spring-balance. 

What i« an ^^ iustrunient for measuring the force of 
Anemometer? ^y^^ ^j^^ jg called au Anemometer. 

Howmayirinds 623. Wiuds mav be divided into three 
be divided? classes:— Constant/ Periodical, and Variable 
winds. 

624. In many parts of tho Atlantic and Pacific oceans, the 
trade-winds? wind blows with a uniform force and constancy, so that a ves- 
sel may sail for weeks without altering the position of a sail 
or spar. Such winds have received the designation of trade-winds, inasmuch 
as they are most convenient for navigation, and always blow in one direction. 



^ ^L 
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"Wliat is the ^^ trade- winds are'eaused by the movements of vast cur- 
caose of the rents of air which are continually flowing between the poles 
trade-winds ? qj^^ ^he equator. Thus the air which has been greatly heated 
by the sun in regions near to the equator, rises and rans over toward either 
pole in two grand upper currents, under which there flows from north and 
south two other currents of colder air to occupy the space vacated, and to re- 
store the equilibrium. 

-^^ ^ , 625. In the northern hemisphere the trade-winds blow from 

What occasions , , , . , , , . , « 

the direction of the north-east, and m the soiithem hemisphere from the south* 

the trade-winds ? Qgi^t. 

The reason they do not blow from the direct north and south is owing to 
the revolution of the earth. The circumference of the earth being larger at 
the equator than at the poles, every spot of the equatorial surface must move 
much faster than the corresponding one at the poles : when, therefore, a cur- 
rent of air from the poles flows toward the equator, it comes to a part of the 
earth's surface which is moving faster than itself; in consequence of which 
it is left behind, and thus produces the effect of a current moving in the op- 
posite direction. 

The region over which the trade-winds prevail extends for about 25 degrees 
of latitude, on each side of the equator, in the Atlantic and Pacific oceans. 

The reason the trade-winds do not blow uninterruptedly from the equator 
to each pole is owing to the change which takes place in their temperature as 
they move north and south. Thus in the northern hemisphere the hot air 
that ascends from the equator and passes north, gradually cools, and becomes 
denser and heavier, running. as it does over the cold current below. The 
cold air from the pole, too, gradually becomes warmer and lighter as it passes 
south, so that in the temperate climates there is a constant struggle as to 
which shall have the upper and which the lower position. In these regions, 
consequently, there are no uniform winds.* 

What are mon- 626. MoDsooDS are periodical cuiTeiits of air 
Boons? which in the Arabian, Indian, and Chiiia seas 
blow for nearly six months of the year in one direction, 
and for the other six in a contrary direction. 

They are called monsoons from an Arabic word signifying season ; they are 
also called periodical winds, to distinguidi them from the trade-winds which 
are constant. 

The theory of the monsoons is as follows: — During six 
theory of the months of the year, from April to October, the air of Arabia, 
monsoons . Persia, India, and China, is so rarefied by the enormous heat 

of their summer sun, that the cold air from the south rushes toward these 

* The existence of a grent current of air in the upper regions of the atmosphere, flow- 
ing in an nearly contrary direction to the trade-winds, has been confirmed by the ob- 
■ seryations of travelers who have ascended the Peak of Teneriffe, or some of the high 
mountains in the islands of the Southern Pacific Ocean. At a height of about 12,000 feet 
a wind is encountered, blowing constantly in an opposite direction to that which prevails 
«t the level of the sea below. 
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ooontries^ acron the equator, and produoes a south-west wind. When Ae 
BUD, on tho other band, has led tho northern side of the equatmr for the 
flouthcrn, the southern hemisphere is rendered hotter than the northern, and 
the direction of the wind ia reveraed, or the monsoon blows nmth-east firam 
October to ApriL 

The monsoons are more powerful than the trade-winds, and very often 
amount to violent galea. They are also more useful than the trade-winds^ 
since the mariner is able to avail himself of their periodic changes to go in 
one direction during one half of the year, and return in the opposite directioa 
during the other half 

Whftt i» the ^^^* ^^ ^^^ psaiiB of the world, as on ooasts and islands^ 
ezpiftiiatton of the heating action of the sun produces daily periodical winds, 
Uuad^^d Mft which are termed land and sea-breezes. 

During the day, the hmd becomes mueh more highly heated 
by the son than the adjacent water, and consequently the air resting upon 
the land ia much more heated and rarefied than that upon the water. The 
cooler and denser air, therefore, flows from the water toward the land, con- 
stituting a sea-breeze, and, displacing the wanner and lighter air over the 
land, forces it into a higher region, along which it flows in an upper current 
^ward. 

At night a contrary effect is produced. After sunset the land cools much 
more rapidly than the water, and the air over the shore becoming cooler, 
and consequently heavier than that over the sea, flows toward the water and 
forms the land-breeze.* 

The phenomena of land and sea-breezes may be well illustrated by a sunplo 
experiment Fill a large dish with cold water, and place in the middle of it 
a saucer full of warm water ; let the dish represent the ocean, and the saucer 
an island heated by the sun, and rarefying the air above it ; blow out a can- 
dle, and if the air of the room be still, on applying it successively to every 
side of the saucer, the smoke will be seen moving toward it and rising over 
it, thus indicating the course of the air from sea to land. On reversing the 
experiment, by filling the saucer with cold water, and the dish with warm, 
tho land-breeze will be shown by holding the smoking wick over the edge 
of the saucer ; the smoke will then be wafted to the warmer air over th6 dish. 
hatrerioM ^^^' ^^ ^^e temperate zones, the winds ha vo 
do ▼ariabie little of regularity, and these latitudes are 

winds preyaU? . ° . /. 

known as the regions of " variable winds." 

In the tropics, the great aerial currents known as the trade-winds exist in 
all their power, and control most of the local influences; but in the temperate 
zones, where the force of the trade-winds Is diminished, a perpetual contest 

• Advantage is taken of these breezes by coasters, which, drawing less water than 
larger vessels, can approach the coast within those limits where the sea and land-hreeses 
first begin to operate. Thus a ship of war may not be able to take advantage of these 
winds, while sIooim and schooners may be moving along close to the shore under a press 
of canvas, and be out of sight before the larger veKsel is released from the calm bordering 
these breeses, and fringing for some time the beach only. 
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oocors between the permanent and temporary currents, giving rise to con- 
stant fluctuations in the strength and direction of the winds. 

629. The driest winds of the United States are west and 
character of north-west winds, since they blow over great tracts of land, 
the winds of and have Uttle opportunity of absorbing moisture, 
states ? The south winds are generally warm and productive of 

rain, since coming from tropical countries, they are highly 
heated, and readily absorb moisture as they pass over the ocean. As sood, 
however, as they reach a cold climate they are condensed, and can no longer 
hold all their vapor in suspension; in consequence of which some of it is de- 
posited as rain. 

630. Other disturbances of the air occasion a variety of phenomena known 
as "Simoons," "Hurricanes," "Tornadoes," "Water-Spouts," etc. 

What is a Si. 631. The Simoon is an intensely hot wind 
moon? ^j^j^^ prevails upon the vast deserts of Africa 
and the arid plains of Asia, causing great suflfering, and 
often destruction of whole caravans of men and animals 
when encountered. Jts origin is to be sought in the pecu- 
liarities of the soil and the geographical position of the 
countries where it occurs. 

" The surfece of the deserts of Africa and Asia is composed of dry sand, 
which the vertical rays of the sun render burning to the touch. The heat of 
these regions is insupportable, and their atmosphere like the breath of a fiir- 
nace. When, under such circumstances, the wind rises and sweeps over 
these plains, it is intensely hot and destitute of moisture, and at the same time 
bears aloft with it great clouds of fine sand and dust — a dreadful visitant to 
the traveler of the desert" 

whatisaHur- ^hc Hurricanc is a remarkable storm wind, 
ricanef peculiar to certain portions of the world. It 
rarely takes its rise beyond the tropics, and it is the only 
storm to dread within the region of the trade-winds. 

Hurricanes are especially distinguished from all other kinds of tempests by 
their extent, irresistible power, and the sudden changes that occur in the 
direction of the wind. 

In the northern hemisphere, the hurricane 

At irhat times ^ ^ . . xi. • £• xi 

and locations most frequently occurs m the regions or the 
m'ostfreqTrat- Wcst ludlcs ; iu the southern hemisphere, it 
y occur occurs in the neighborhood of the Island of 

Mauritius, in the Indian Ocean. They also seem to be 
confined to particular seasons ; thus the West Indian 
occur from August to October ; the Mauritian from Feb- 
ruary to April. 
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Recent investigations have proved the hnr- 
Mtare of the ncanos to consist of extensive storms of wind, 
""* which revolve round an axis either upright or 
inclined to the horizon ; while at the same time the body 
of the storm has a progressive motion over the surface of 
the ocean. 

Thus it is the nature of a hurricane to tnyel round and round as well as 
foi*ward, much as a coricscrew travels through a cork, only the circles are all 
ilat, and described by a rotary wind upon the sur&ce of the water. A ship 
revolving in the circles of a hurricane, would find, in successive positions, the 
wind blowing from every point of the compass.* 

The effect produced by a hurricane upon the atmosphere is very singular. 
As it consists of a body of air rotating in a vast circle, its center is the point 
of least motion. Mariners who have been caught m such a center, describe the 
unnatural calm that prevails as awful— -an apparent lull of the tempest, which 
seems to have rested only to gather strength for greater efforts. The mass 
of air, however, which constitutes the body of the storm will be driven out- 
ward torn the center toward the margin, jusf as water in a pail which is 
made to revolve rapidly flies from the center and swells up the sides. But 
the pressure of the atmosphere beyond the whirl, checking and resisting the 
centriAigal force, at length arrests the outward progress of the mass of air, 
and limits the stonn. 

What isk o '^^^ progressive velocity of hurricanes is from seventeen to 

respecting the forty miles per hour ; but distinct from the progressive velocity 
raioes ^raverii ^ *^® rotary velocity, which increases from the exterior bound- 
ed by harri- ary to the center of the storm, near which point the force of 



the tempest is greatest, the wind sometimes blowing at the 
rate of one himdred miles per hour. 

The distance traversed by these terrible tempests is also immense. The 
great gale of August, 1830, which occurred at St Thomas, in the West 
Indies, on the 12th, reached the Banks of Newfoundland on the 19th, having 
traveled more tiian three thousand nautical miles in seven days ; the track, of 
the Cuba hurricane of 1844 was but little inferior in length. 

The surface simultaneously swept by these tremendous wlurlwinds is a 
vast circle varying from ofie hundred to five hundred miles in diameter. 

Mr. Eedfield has estimated the great Cuba hurricane of 1844 to have been 
not less than eight hundred miles in breadth, and the area over which it pro- 
vailed during its whole length was computed to be two million four hun- 
dred thousand square miles — an extent of surface equal to two thirds of 
that of all Europe. 

* In 1S45« a ship eneoantered a harricane near Manritias. The wind, as the ship 
Bailed in the circnit of the storm, changed five times completely round In one hundred 
and seventeen hours. The whole distance sailed hy the vessel was thirteen handred and 
seventy-three miles, and at the termination of the storm she was only three hondred and 
fifty-four miles from the place where the storm oommenced. 
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What are Tor- 632. Tomadoes may be regarded as hnrri- 
nadoes? canes, differing chiefly in respect to their con- 
tinuance and extent. 

Tornadoes usually last from fifteen to seventy seconds ; 
their breadth varies from a few rods to several hundred 
yards, and the length of their course rarely exceeds twenty 
miles. 

The tornado is generally preceded by a calm and sultry state of the atmos- 
phere, when suddenly the whirlwind appears, prostrating every thing before 
it. Tornadoes are usually accompanied with thunder and lightning, and 
sometimes showers of haiL 

Tornadoes are supposed to be generally pro- 
mS^s^'^prol duced by the lateral action of an opposing 
^'^ wind, or the influence of a brisk gale upon a 

portion of the atmosphere in repose. 

Similar phenomena are seen in the eddies, or little whirlpools formed in 
water, when two streams flowing In different directions meet. They occur 
most frequently at the junction of two brooks or rivers. 

Whirlwinds on a small scale are often produced at the corners of streets in 
cities, and are occasioned by & gust of wind sweeping round a building, and 
striking the calm air beyond. 

The whirl of a tornado, or whirlwind, appears to originate in the higher 
regions of the atmosphere ; it increases in velocity as it descends, its base 
gradually approaching the earth, until it rests upon the surface. 

Great conflagrations sometimes produce whirlwmds, in consequence of a 
strong upward current, which is produced by the expaLsion of the heated 
air. A remarkable example of this is recorded to have happened at the 
burning of Moscow, in 1812, where the air became so rarefied by heat, that 
the wind rose to a frightful hurricane. 

It has been noticed as one of the curious effects of a tornado, that fowls and 
birds overtaken by it and caught in its center, are often entirely stripped of 
their feathers. In a theory propounded some years since to the American 
Association for the Promotion of Science, by an eminent scientific authority, 
it was supposed that in the vortex, or center of the tornado, there was a 
vacuum, and the fowls being suddenly caught in it, the au: contained in the 
barrel of then: quills expanded with such force as to strip them from the 
body. 

What iB a 633. A water-spout is a whirlwiad over the 
water-spoutr gurface of water, and difiers from a whirlwind 
on land in the fact that water is subjected to the action 
of the wind, instead of objects on the surface of the earth. 
In diameter the spout at the base ranges from a few feet 
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to several hundreds, and its altitude is supposed to be 
often upward of a mile. 

When an observer is near to the spout, a loud hissing noise is heaid, and 
the interior of the column seems to be traversed bj a rushing stream. 

Fig. 228. The successive appearances of a water- 

spout are as follows : — ^At first it appears to 
be a dark cone, extending fix>m the clouds 
to the water; then it becomes a colunm 
imiting with the water. After continuing 
for a little time, the column becomes dis- 
united, the cone reappears,, and is graduallj 
drawn up into the douds. These various 
changes are represented in Mg. 228. It is 
a common belief that water is sucked up by 
the action of the spout into the clouds ; but 
th^*e is reason to suppose that water rath^ 
descends from the douds, as water which 
has fallen from a spout upon the deck of a 
vessel has been found to be fresh. There is 
no evidence, furthermore, that a continuous 
column of water exists within the whirling pillar. 




SECTION lY. 



What are 
Meteoritea? 



METEORIC PHENOMENA. 

634. Meteorites are luminous bodies, which 
from time to time appear in the atmosphere, 

moving with immense velocity, and remaining visible but 
for a few moments. They are generally accompanied by 
a luminous train, and during their progress explosions are 
often heard. 

635. The term aerolite is given to those 
stony masses of matter which are sometimes 

seen to fall from the atmosphere.* 

What is known Th© weight of those aerolites which have been known to 

respecting the ^ from the atmosphere varies from a few ounces to several 
weight and ve- , , , , "^ , 

locity of aero- hundred pounds, or even tons. 

1**®* ^ The height above the earth's surface at which they are sup- 

posed to make their appearance has been estimated to vary from 18 to 80 miles. 

* Aerolite is derived from the Greek words aep (atmosphere) and Xidos (a stone). A 
meteor is distinguished from an aerolite by the fact that it bursts in the atmosphere, but 
leaves no residuum, while the aerolite, which is supposed to be a fragment of a meteor, 
comes to the ground. 
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The esfamated velocity of these bodies is somewhat more than three hun* 

dred miles per minute, though one meteor of immense size, which is supposed 

to have passed within twenty-five miles of the earth, moved at the rate of 

twelve hundred miles per minute. Owing, however, to the short tune the 

metdor is visible, and its great velocity, accurate observations can not be 

made upon it ; and all estimates respecting their distance, size, eta, must be 

considered as only approximations to the truth. 

„^ , . ^ Yery many of the meteorites which have fallen at different 

wtiat IB known -,.■,./*. /.-. ■, , 

respecting the tmies and m dinerent parts of the globe, resemble each other 

*^^™Ute8?*° *^' ^ closely, that they would seem to have been broken fix)m 
the same piece or mass of matter. 
Most of them are covered with a black shining crust, as if the body had 
been coated with pitch* When broken, their color is ash-gray, inclining to 
black. They consist for the most part of malleable iron and nickel, but they 
often contain small quantities of other substances. They do not resemble in 
composition any other bodies found upon the surface of the earth, but have a 
character of their own so peculiar that it enables us to decide upon the me- 
teoric origin of masses of iron which are occasionally found scattered up and 
down the surface of the earth, as in the south of Afirica, in Mexico, Siberia^ 
and on the route overland to California. Some of these masses are of immense 
weight, and undoubtedly fell from the atmosphere. 

-What is the 636. Four hypotheses have been advanced 
Sf ^^""^teo^J* *o account for the origin of these extraordinary 
bodies? bodies : 1. That they are thrown up from ter- 

restrial volcanoes ; 2. That they are produced in the at- 
mosphere from vapors and gases exhaled from the earth; 
3. That they are thrown from lunar volcanoes ; 4. That 
they are of the same nature as the planets, either derived 
from them, or existing independently. 

The fourth of these suppositions most fully explains the facts connected 
with the appearance of meteorites, and the third likewise has some strong 
evidence in its fikvor. 

How do shoot- 637. Shooting-stars differ in many respects 
f??m m'ete^Jraf ^^^ mctcors. Their altitude and velocity are 
greater ; they are far more numerous and fre- 
quent, and are unaccompanied by any sound or explosion. 
Their brilliancy is also much inferior to that of the me- 
teor, and no portion of their substance is ever known to 
have reached the earth. 

Atirhatheierht '^*^® altitude of shooting-stars is supposed to vary from six 
do shooting, to four hundred and sixty miles, the greatest number appear- 
Btars appear? ^^ ^^ ^ height of about seventy miles. Owing to their num- 

13 
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bcr and freqtiencj of occurrenoe, many caiefol observations have been made 
upon them, with a view ofdeterniinicg these facts. 

Their vclocitj is supposed to range from sixty to fifteen hundred miles per 
minute. 

Some of these meteoric appearances may be seen every clear night, but 
they appear to &11 in great numbers at certain periodical epochs. The pe- 
riods when they may be noticed most abundantly are on the 9th and 10th of 
Au^st, and the 12th and 13th of November.* 

The njajorit jr of shooting stars appear to radiate from 
a particular part of the heavens, viz., a point in the con- 
stellation Perseus, undoubtedly far beyond the limits of our 
atmosphere. 

What th rtoa ^^ ^^^^ ^ account for the origin of shooting stars, it has 
luiTe been pro- been supposed by Prof. Olmstead, that they are derived fix)m 
^'***t f** th" * ^^7 eomposed of matter exceedingly rare, like the tail of a 
origin of ihoot- comet, revolving around the sun within the orbit of the earth, 
lag >tan f ^^ ^ space little less than a year; and that at times the body 

approaches so near the earth that the extreme portions become detached and 
drawn to the earth by virtue of its great attraction. It has been further sup- 
posed that the matter of which these bodies is composed is combustible, and 
becomes ignited on entering the earth's atmosphere. 

The nearest approach of the central body to the earth is supposed to be 
about 2,000 miles. Bodies faUing from this distance would enter the earth's 
atmosphere at a height of at least 50 miles above the surface, with a velocity 
generated by the force of gravity above 4 miles per second — a velocity ten 
times greater than the utmost speed of a cannon-ball 

When common air is compressed in a tight cylinder to the extent of one 
fifth of its volume, sufficient heat is generated to ignite tinder. If we suppose 
that the fragments descend with such velocity as to compress the rarefied 
atmosphere at the height of 30 miles to such an extent only as to make it as 
dense as ordinary air, the temperature would be raised as high as 46,000** P. 
—a heat far more intense than can be generated in any furnace. Unless, 
therefore, the mass of matter comprising the body was very large, it must be 
dissipated by heat long before it reaches the surface of the eaith. 

Another theory has been proposed by the eminent astronomer Chaldini, 
who supposes that, in addition to the planets and their satellites which revolve 
about the sun, there are innumerable smaller bodies ; and that these occa- 
sionally enter within the atmosphere of the earth, take fire, or descend to its 
surface. 

* They hare also been noticed in nnnsnal abundance on the 18th of October, t2ie 6tli 
and 7th of December, the 2d of January, the 23d and 24th of April, and from the 18th to 
the 20th of June. 

Four most remarkable meteoric shoirerfl hare been noticed, yiz., in 179T, 1881, 1833, and 
1833, all in the month of November. In the shoirer of 1883, the meteors, in many parts of 
the United SUtes, appeared to &U as thick as snov-flakea. 
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SECTION T. 

POPULAB OPINIONS OONOERNING TEE WEATHER. 

_ ^ . 638. There is no reason to doubt that every 

Do changes in . .... 

the weather change m the weather is m stnct accordance 

occur in ac- , *^ 

cordande with with somc definite physical agencies, which are 
fixed and certain in their operations. We 
can not, however, foretell with any degree of certainty 
the character of the weather for any particular time, be- 
cause the laws which govern meteorological changes are 
as yet imperfectly understood. 

. , There are, however, in all countries, certain ideas and pop- 

lar ideas re- nlar proverbs respecting changes in the weather, the influ- 
^hansef in th ®°^ ^^ *^® moon, the auTora borealis, etc., which are wholly 
weather found- erroneous and unworthy of belief; since, when tested by 

®^ * long-continued observations, they are invariably found to be 

unsupported by evidence. 

Thus an examination of meteorological records, kept in different countries, 
through many years, proves conclusively that the popular notions concerning 
the influence of the moon on the weather has no foundation in any well- 
established theory, and no correspondence with observed facts. 

There is, however, some reason for supposing that rain fiills more frequently 
about four days before full moon, and less frequently about four or five days 
before new moon, than at other parts of the month; but this can not be con- 
sidered as an established feet. In other respects, the changes of the moon 
can not be shown to have influenced in any way the production of rain. 

There is also a current belief among many persons that timber should be 
cut during the decline of the moon. To test the matter, an experiment, on 
an extensive scale, was made some years since in France, when it was found 
that there was no difierence in the quality of any timber felled in different 
parts of the lunar month. 

It is also supposed that bright moonlight hastens, in some way, the putre- 
faction of anim^ and vegetable substances. The facts in respect to this sup- 
position are, that on bright, clear nights, when the moon shines brilliantly, 
dew is more freely deposited on these substances than at other times, and in 
this way putrefaction may be accelerated. With this result the moon has no 
connection. 

It is a traditional idea with many that a long and violent storm usually 
accompanies the period of the equinoxes, especially the autumnal ; but the 
examination of weather records for sixty-four years has shown that no 
particular day can be pointed out in the month of September (when the 
" equinoctial storm" is said to occur) upon which there ever was, or ever wiU 



y^ a 90-rttned equinoctiBl storm. The feet, however, shoidd Hot be concealed, 
^,u tikiiiff Uio average for the five days embracing the equinox for the 
ri,Hl aboro stated, the amount of rain is greater than for any other five 
jl,ys by t*iJw por cent, throughout the month. 

ubscn'ations recorded for a long period have proved that the phenomenon 
nf tbo aurora borcalia, which is said to precede a storm, is as often followed 
br Cdr, as by foul weather. 

M'teorolOj^cal records, kept for eighty years at the observatory of Green- 
irich, England, seem to show that groups of warm years alternate with oold 
ones in such a way as to render it probable that the mean annual tempera- 
tures rise and fell in a series of curves, corresponding to periods of about four- 
teen years. 

There is little doubt that some animals and insects are able to foretell 
changes in the weather, when man £il1s to perceive any indications of the 
same. Thus some varieties of the land-snail only make their appearance be- 
fore a rain. Some other varieties of land crustaoeous animals change their 
color and appearance twenty-four hours before a rain. 

For a light, short rain, some trees have been observed to incline their leaves, 
so as to retain water; but for a long rain, they are so arranged as to conduct 
the water away. 

The admonition given several thousand years ago, is equally sound in its 
philosophy at the present day : " He that observeth the winds shall not sow ; 
and he that regardeth the clouds shall not reap."-^irtx:^., zi. 4. 



CHAPTER XIV, 

LIGHT. 



whatu Light? 639. Light is the physical agent which oc- 
casions^ by its action upon the eye^ the sensa- 
tion of vision. 

What is tiM 6*0' Optics is the name given to that de- 

seience of Op- partmcnt of physical science which treats of 

vision, and of the laws and properties of light.* 

Between the eye and any visible object a space of greater or less extent 
intervenes. In some instances, as when we look at a star, the extent of the 
space existing between the eye and the object seen is so great, that the mind 
is unable to form any adequate conception of it Yet we recognize the ex- 
istence of objects at such distances, by the physical effect which they produce 
on our organs of vision. 

* FrQm th9 Greek word " Osre/taV* to lee. 
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What theories ^^^' ^^ °^^®^ *° explain how guch a result is possible, or 
of light hare in Other words, to account for the origin of light, two theories 
been proposed? ^^^q ^g^j^ proposed, which are called the CORPUSOULAJt and 
the Undxjlatort Theories. 

What is the The CORPUSCULAR Theory supposcs that a 
Theory "^?f distant object becomes visible to us by emit- 
^^** ting particles of matter from its surface, which 

particles of matter, passing through the intervening space 
between the visible object and the eye, enter the eye, and 
striking upon the nervous membrane, so affect it as to 
produce the sensation of light, or vision. 

According to this theory, there is a striking analogy or resemblance be- 
tween the eye and the organs of smelling. Thus, we recognize the odor of 
an object in consequence of the material particles which pass from the object 
to the organs of smelling, and there produce a sensation. In the same 
manner, a visible object at any distance may be supposed to send forth, parti- 
cles of light, which move to the eye and produce vision, by acting mechan- 
ically on its nervous structure, as the odoriferous particles of a rose produce a 
sensible effect upon the organs of smelling. 

What is the The Undulatort Theory supposes that 
The^^V'^ there exists throughout all space an ethereal, 
elastic fluid, which, like the air, is capable of 
receiving and transmitting undulations, or vibrations. 
These, reaching the eye, affect the optic nerve, and pro- 
duce the sensation which we call light. 

According to this theory, there is a striking analogy between the eye and 
the ear ; the vibrations, or undulations of the ethereal medium being supposed 
to pass along the space intervening between the visible object and the eye in 
the same manner that the undulations of the air, produced by a sounding body, 
pass through the air between it and the ear. 

Which of th ^^® Corpuscular Theory was sustained by Newton, and was 

two theories of for a long time generally believed. At the present day it is 
aUyVece^r^?" almost entirely discarded, and the XJndulatory Theory is now 
received by scientific men as substantially correct ; since it 
explains in a satisfactory manner nearly all the phenomena of light, which 
the Corpuscular Theory does not. 

If the Corpuscular Theory be correct, a common candle is able to fill for 
hours, with particles of luminous matter, a circle four miles in diameter, since 
it would be visible, under favorable circumstances, in every portion of this 
space. Light, moreover, has no weight ; the largest possible quantity col- 
lected in one point and thrown upon the most sensitive balance, does not 
aSect it in the slightest degree. 
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-wTiat are thtt The chicf 80111068 of light are the snn, the 
of i^tr"*** stars, fire or chemical action, electricity, and 
phosphorescence. 

Under the head of chemical action are included all the forms of artificial 
light which are obtained by the burning of bodies. Examples of light pro- 
duced by phosphorescence, as it is called, are seen in the glow of old and de- 
cayed wood, and in the light emitted by fire-flies and some marine animals. 

642. All bodies are either luminous or non-luminous. 
wbMt is a In- Luminous bodies are those which shine by 
minouabodyf ^hsir owu light; such, for example, as the 
sun, the flame of a candle, metal rendered red hot, etc. 

All solid bodies, when exposed to a sufficient degree of heat, become lu- 
minous. It has been recently proved* that all solids begin to emit light at 
the same degree of heat, viz., 97 "y® of Fahrenheit's thermometer. As the 
temperature rises, the brilliancy of the light rapidly increases, so that at a 
temperature of 2600© it is almost forty times as intense as at 1900°. Gases 
must be heated to a much greater extent before they begin to emit light 

What la anon- Nou-luminous bodics are those which pro- 
luminousbodyf ^^^^ j^^ jjgj^^ themsclves, but which may be 

rendered temporarily luminous by being placed in the 
presence of luminous bodies. 

Thus, the sun, or a candle, renders objects in an apartment luminous, and 
therefore visible ; but the moment the sun or candle is withdrawn, they be- 
come invisible. 

What are trans- Transparent bodies are those which do not 
parent bodies? interrupt the passage of light, or which allow 
other bodies to be seen through them. Glass, air, and 
water are examples of very transparent bodies. 
What are Opaquc bodics are those which do not permit 
opaquebodiesf ]^^^^ ^0 pass through them. The metals, 
stone, earth, wood, etc., are examples of opaque bodies. 

Transparency and opacity exist in different bodies in very different degree* 
We can not clearly explain what there is in the constitution of one mass of 
matter, as compared with another, which fits the one to transmit light, and 
the other to obstruct it ; but the arrangement of the particles has undoubt- 
edly much influence. 

Strictly speaking, there is no body which is perfectly transparent, or per- 
fectly opaque. Some light is evidently lost in passing even through space, 
and still more in traversing our atmosphere. It has been calculated that the 
atmosphere, when the rays of the sun pass perpendicularly through it, inter- 
• By Prof. J. W. Draper. 
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eept from one fifth to one fourth of their light : but when the sun is near the 
horizon, and the mass of air through which the solar rays pass is consequently 
vastly increased in thickness, only 1-2 12th part of their light can reach the 
surface of the earth. If our atmosphere, in its state of greatest density, could 
be extended rather more than 700 miles from the earth's sur&ce, instead of 
40 or 50, as it is at present, the sun's rays could not penetrate through it, 
and our globe would roll on in darkness. Bodies, on the contrary, which 
are conadered as perfectly opaque, will, if made sufficiently thin, allow light 
to pass through them. Thus, gold-leaf transmits a soft, green light. 

, ^ 643. Light, from whatever source it may be 

In what man- , . , ° . , . . , 

net is ii|ht denved, moves, or is propagated m straight 
lines, so long as the medium it traverses is 
uniform in density. 

If "^e admit a sunbeam through a small opening into a darkened chamber, 
the path which the Hght takes, as defined by means of the dust floating in 
the air, is a straight line. 

What racticai ^^ ^^ ^°^ *^^^ reason that we are imable to see through a 
applications are bent tube, as we can through a straight one. 
movement *^f ^^ taking aim, also, with a gun or arrow, we proceed upon 
light in straight the supposition that light moves in straight lines, and try to 
^°®*^ make the projectile go to the desired object as nearly as po»» 

sible by the path along which the light comes from the object to the eye. 

Fio, 229. 




Thus, in Fig. 229, the Hne A B, which represents the line of sight, is also the 
direction of a line of light passing in a perfectly straight direction from th9 
object aimed at to the eye of the marksman. 

A carpenter depends upon this same principle for the purpose of detormin- 
ing the accuracy of his work. If the edge of the plank be straight and uni- 
form, the light fi^m all points of its sur&oe will come to the eye regularly and 
uniformly ; if irregularities, however, exist, they wiU cause the light to be 
irregular, and the eye at once notices the confusion and the point which oo- 
casions it. 

What is a ray 644. A ray of light is a line of particles of 
ofught? light, or the straight line along which light 
passes from any luminous body. 

A luminous body is said to radiate its light, because the light issues firom 
it in every direction in straight lines. 
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Explain the 



When rays of light radiate from any lumin- 

SZpUUIl tD6 111. 

direivnce of 0U8 Dody, they divcrffe from one another, or 
tney spread over more space as they recede 
from their source. 

Fig. 230 represents the manner of the diverg- Pia. 230. 

eneo. h 

wh«t i> the law The surfaces covered, or jL^^^^^^g 

of divergence? fliuminated by rays of I ^^'^^^^"^ 

light diverging from a luminous cen- jE. 
ter, increase as the squares of the '^^^jK 
distances. 

Thus, a candle placed behind a window will illtzminate a certain space on 
the wall of a house opposite. If the wall is twice as far from the candle as 
from the window, the space illuminated by it will be four times as large ad 
the window. If the wall be removed to three times the distance, the surface 
covered by the rays of light will bo nine times as large, and so on. 

A collection of radiating rays of light, as shown in Fig. 230, oonstitates 
what is called a ''pencil of hght" 

A thousand, or any number of persons, are able to see the 
great namber same object at the same time, because it throws off from its 
to Metheaame ^urfece an infinite number of rays in all directions; and one 
object at the person sees one portion of these rays^ and another person 
■«»» «»•' another. 

Any number of rays of light are able to cross each other, in the same space, 
without jostling or interfering. If a small hole be made from one room to 
another through a thm screen, any number of candles in one room will shine 
through this opening, and illuminate as many spots in the other room as there 
are candles in this^ all their rays crossing in the same opening, without hinder- 
ance or diminution of intensity ; just as sounds of different character proceed 
through the air and communicate to the ear, each its own particular tone, 
without materially interfering with each other. 

Bays of light which continually separate as 
■ai/to^^i! they proceed from a luminous source, are called 
^rgilll; ?nd Diverging Bays. Bays which continually ap- 
^^^^^ proach each other and tend to unite at a com- 

mon point, are called Converging Bays. Bays which move 
in parallel lines, are called Parallel Bays. 
What is a 645. When rays of light, radiated from a 
shadow f luminous point, through the surrounding 
space, encounter an opaque body, they will (on account 
of their transmission in straight lines) be excluded from 
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Under what 
eircamstances 
will the size of 
a shadow be 
increased or 
diminished 7 



Pia 231. 



the space behind such a body. The comparative dark- 
ness thus produced is called a shadow. 

"When the light-giving surface is greater than the body casting the shadow. 
a cross section of the shadow thrown upon a plane surface will be less than 
the body; and less, moreover, the further this surface is from the body, for 
the shadowed space terminates in a point 

When the luminous center is smaller than the opaque body casting the 
shadow, the shadow will gradually increase in size with the distance, without 
limit ; thus the shadow of a hand held near a candle, and between a candle 
and the wall, is gigantic. 

If the shadow of any object be thrown on a wall, the closer 
the opaque body is held to the light-producing center, as a 
candle, for example, the larger will be its shadow. The rea- 
son of this is, that the rays of light diverge from the center 
in straight lines, like lines drawn from the center of a circle ; 
and therefore the nearer the object 
is held to the center, the graater 
the number of rays it intercepts. 
Thus, in Fig. 231, the arrow A, held 
close to the candle, intercepts a large 
number of rays, and produces the 
shadow B F; while the same ar- 
row held at 0, intercepts a smaller 
number of rays, and produces only 
the little shadow D £. 

When two or more luminous ob- 
jects, not in the same straight line, 
shine upon the same object, each one 
will produce a shadow. 

646. The intensity of light which issues 
from a luminous point diminishes in the same 
proportion as the square of the distance from 
the luminary increases. 

Thus, at a distance of two feet, the intensity of light will be one fourth of 
what it is at one foot; at three feet the intensity will be one ninth of what it 
is at one foot. In other words, the amount of illumination at the distance of 
one foot from a single candle would be the same as that from four, or nine 
candles at a distance of two or three feet, the numbers four and nine being 
the squares of the distances two, and three, from the center of illumination. 
647. This law, therefore, may be made available for meas- 
unng the relative intensities of light proceeding from different 
sources. Thus, in order to ascertain the relative quantities of 
light furnished by two different candles, as, for example, a 
wax and a tallow candle, place two discs or sheets of whit© 
13* 




How does the 
intensity of 
light vary? 



Upon what 
principle may 
the relative in- 
tensities of 
different lu- 
minous bodies 
be ascertained? 



^ 
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paper, a few feet apart on a wall, and throw the light of one candle on one 
disc, and ihe light of the other candle upon the other disa If they are of 
unequal illuminating power, the candle which affords the most light muet 
be moved back until the two discs are equally illuminated. Then, by meas- 
uring the distance between each candle and the disc it illuminates, the lum- 
inous intensities of the two candles may be calculated, tbeir relative intensi- 
ties being as the squares of their distances from the illuminated discs. If) 
when the discs are equally illummated, the distance from one candle to its 
disc is double the distance of the other candle from its disc, then the first 
candle is four times more luminous than the second ; if the distance be triple, 
it is nine times more luminous, and so on. 

Instruments called " Photometers," operating in a similar manner, have also 
been constructed for measuring the relative intensity of two luminous bodies. 
Tlieir arrangement and plan of operation is substantially the same as in the 
method described. 

648. The light of the sun greatly exceeds in 
inost inteoM intensity that derived from any other lumin- 
ous body. 

The most brilliant artificial lights yet produced, are very far inferior to the 
splendor of the solar light, and when placed between the disc of the sun and 
the eye of the observer, appear as blaclc spots. 

Dr. Wollaston has calculated that it would require twenty thousand mil- 
lions of the brightest stars like Sirius to equal the light of the sun, or that 
that orb must be one hundred and forty thousand times fiirther ftom us than 
he is at present, to be reduced to the illuminating power of Sirius. 

The light of the full moon has also been estimated as three hundred thou- 
sand times less intense than that of the sun. 

During the day the intensity of the sun's light is so great as to entirely eclipse 
that of the stars, and render them invisible ; and for the same reason, we only 
notice the light emitted by fire-files and phosphorescent bodies m the dark. 

Are the move- ^^' Light does not pass instantaneously 
SnteneoSf thiough space, but requires for its passage from 

one point to another a certain interval of time, 
with what ye- The velocity of light is at the rate of about 
t?^vrn*^'"^^* one hundred and ninety-two thousand miles in 

a second of time. 

Light occupies about eight minutes in traveling from the 
loBtrattonB of Bun to the earth. To pass, however, from the planet 
U* htT^°^'^ ®' Uranus to the earth, it would require an interval of three 
hours. 
Tlie time required for light to traverse the space intervenin,^ between the 
nearest fixed star and the earth, has been estimated at 3^ years; &;nd from 
the farthest nebuke, a period of saveral hundred years would be requisite, so 
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immense is their distanoe (torn our earth. If) therefore, one of the remote fixed 
stars were to-daj blotted from the heavens, several generations on the earth 
would have passed away before the obliteration could be known to man. 

The following comparison between the velocity of light and the speed of & 
locomotive engine has been instituted : — ^Light passes ih)m the sun to the 
earth in about eight minutes; a locomotive engine, traveling at the rate of 
a mile in a minute, would require upward of one hundred and eighty years to 
accomplish'the same journey. 

■Who first as- 650. The velocity of light was first deter- 
^SStjofii^ht? mined by Von Eoemer, an eminent Danish 
astronomer, from observations on the satellites 
of Jupiter. 

Explain the ^^^^ method by which Von Roemer arrived at this result 
method by maybe explained as follows: — The planet Jupiter is sur- 
loS^ of ^light ro^Jided by several satellites, or moons, which revolve about 
was determined it in certain definite times. As they pass behind the planet, 
ofJupiter's mI^ ^^^7 disappear fi-om the sight of an observer on the earth, or 
cllites. in other words, they undergo an eclipse. 

The earth also revolves in an orbit about the sun, and in the course of its 
revolution is brought at one time 192 millions of miles nearer to Jupiter than 
it is at another time, when it is in the most remote part of its orbit Suppose, 
now, a table to be calculated by an astronomer, at the time of year when the 
earth is nearest to Jupiter, showing, for twelve successive months, the exact 
moment when a particular satellite would be observed to be eclipsed at that 
point Six months afterward, when the earth, in the course of its revolution, 
has attained a point 192 millions of miles more remote from Jupiter than it 
formerly occupied, it would be found that the eclipse of the satellite would 
occur sixteen minutes, or 960 seconds, later tlian the calculated time. This 
delay is occasioned by the fact that the light has had to pass over a greater 
distance before reaching the earth than it did when the earth was in the op- 
posite part of its orbit, and if it requires sixteen minutes to pass over 192 mil- 
lions of miles, it will require one second to move over 200,000 miles. When, 
on the contrary, the earth at the end of the succeeding six months has as- 
sumed its former position, and is 192 millions of miles nearer Jupiter, the 
eclipse will occur sixteen minutes earlier, or at the exact calculated time given 
in the tables. The velocity of light, therefore, in round numbers, may be con- 
sidered as 200,000 miles per second.* A more exact calculation, founded on 
perfectly accurate data, gives as the true velocity of light 192,500 miles per 
second. 

* The explanation ahove ^ven will be made clear by reference to tlio following dia- 
gram, Fig. 232. S represents the sun, a b the orbit of the earth, and T T' the position of 
the earth at different and opposite points of its orbit J represents Jupiter, and E its 
aatellite, about to be eclipsed by passing? within the shadow of the planet Now the time 
of the commencement or termination of an eclipse of the satellite, is the instant at whic^' 
tb% BatelUt« would appear, to an observer on the eartli, to enter, or emerge from tW 
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Several other plaziB have been devised for determining the Telocity c^Iigbt, 
tiie results of whtdi agree very nearly with those obtained by theobserv^atioDS 
on the satellites of Jupiter.* 

When to light 651. When a ray of light strikes against a 
"***^' surface, and is caused to turn back or rebound 
in a direction different from whence it proceeded, it is said 
to be reflected. 

What to ah- 652. When rays of light are retained upon 
u^a^ ®' the surface upon which they fall, they are said 
to be absorbed ; in consequence of which their 
presence is not made sensible by reflection. 

The question as to what becomes of the light which is absorbed by a body, 
can not be satis&clorily answered. In all probability it is permanently re- 
tained within the substance of the absorbing body, since a body which absorbs 
light by continued exposure, does not radiate or distribute it again in any 
way, as it might do if it had absorbed heat 

abadow of the planet If the tFansrotosion of light were instantaneous, it to obvkms that 
an obBerver at T', the most remote part of the earth*s orbit, would see the eclipse begin 
and end at the same moment as an observer at T, the part of the earth* s orbit nearest to 
Jupiter. This, however, to not the case, but the observer at T^ sees the eclipse 960 sec- 
onds later than the observer at T ; and as the distance between these two stations to 198 
millions of miles, we have, as the velodtj of light in one second, 192,000,000+960= 
200,000. 

Fio. 232. 




♦ A very ingenions plan was devised a few years since by M. Fizeau of Paris, by which 
the velocity of artificial light was determined and fonnd to agree with that of solar light. 
A disc, or wheel, carrying a certain nnmber of teeth npon its circnraference, was made to 
revolve at a known rate : placing a tube behind these, and looking at the open spaces be- 
tween the teeth, they become less evident to sight, the greater the velocity of the moving 
wheel, until, at a certain speed, the whole edge appears transparent The rate at which 
the wheel moves being known, it is easy to determine the time occupied while one tooth 
passes to take the place of the one next to it A ray of light is made to traverse many 
miles through space, and then passes through the teeth of the revolving disc. It moves 
the whole dtotance in just the time occupied in the movement of a single tooth to the place 
of another at a certain speed. 
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SECTION I. ><</ ' 

REFLECTION OP LIGHT. 

What ocean 653. When rays of light fall upon any sur- 
J^1?!!Sy*SSJ face, they may be reflected, absorbed, or 
^ace' transmitted. Only a portion of the light, 

however, which meets any surface is reflected, the remain- 
der being absorbed, or transmitted. 
When does a 654. When the portion of light reflected 
^Iteand^^ from any surface, or point of a surface, to the 
^'^^ eye is considerable, such surface, or point, ap- 

pears white ; when very little is reflected, it appears dark- 
colored; but when all, or nearly all the rays areabsorbed, and 
none are reflected back.to the eye, the surface appears black. 

Thus, charcoal is black, because it absorbs all the light which falls upon it, 
and reflects none. Such a body can not be seen unless it is situated near 
other bodies which reflect light to it 

According to a variation in the manner of reflecting lights the same surface 
which appears white to an eje in one position, may appear to be black from 
another point of view, as frequently happens in the case of a mirror, or of 
any other bright, or reflecting sur&ce. 

What are good Dcuso bodics, particularly smooth metals, 
reflMtoni of reflect light most perfectly. The reflecting 
power of other bodies decreases in proportion 
to their porosity. 

How are non- 655. All bodics uot in themsclves luminous, 
ieSdSred ''^^' become visible by reflecting the rays of light. 

^^®' It is by the irregular reflection of light that most Qbjects in 

nature are rendered visible ; since it is by rays which are dispersed from re- 
flecting sur&ces, irregularly and in every direction, that bodies not exposed 
to direct light are illuminated. If light were only reflected regularly from the 
surface of non-luminous bodies, we should see merely the image of the lumin- 
ous object, and not the reflecting surface.* In the day-time, the image of the 
sun would be reflected from the surface of all objects around us, as if they 
were composed of looking-glass, but the objects themselves would be invisi- 
ble. A room in which artificial lights were placed would reflect these lights 
from the walls and other objects as if they were mirrors, and all that would 
be visible would be the multiplied reflection of the artificial lights. 

• In a rery good mirror we scarcely perceive the reflecting surface intervening between 
US and the Images it shows us. 
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What effect hu ^® atmosphere reflects light irregularly, and every pariade 
the atmoephpre of air is a luminous center, which radiates light in every direo- 

liSi^^onLhtT'*' *'^^ ^^^ ^' ^^^ ^^^ *^ *^® ®^'® ^8^ht would only illumi- 
nate those spaces which are directly accessible to its rays, and 
darkness would instantly succeed the disappearance of the sun below the horizon. 

656, Any surface which possesses the power 
of reflecting light in the highest degree is called 



What is a 
Mirror? 

a MlBROB. 



Into how many 
elaaaes are mir- 
rors divided ? 




Mirrors are divided into three general classes, 
without regard to the material of which they con- 
sist, viz.j Plane, Concave, and Convex Mirrors. 
These three varieties of mirrors are represented in Fig. 
233; A, being plane, like an ordinary looking-glass; B, 
concave, like the inside of a watch-glass; and G, convex, 
like the outside of a watch-glass. 

What is the 657. When light falls upon 
Sr^rJflwtten a plane and polished surface, 
of ught? ^jjQ angle of reflection is equal 

to the angle of incidence. 

This is the great general law which governs the reflec- 
tion of light, and is the same as that which governs the 
motion of elastic bodies. 

Thus, in Fig. 234, let A B be the direction of an inci- 
dent ray of Ught, falling on a mirror, P 0. 
It will be reflected in the direction B E. 
If we draw a line, D B, perpendicular to 
the surface of the mirror, at the point of 
reflection, B, it will be found that the 
angle of incidence, A B D, is precisely 
equal to the angle of reflection, E B D. 

The same law holds good in 
regard to every form of surface, curved as well as plane, 

since a curve may he supposed 
to be formed of an infinite num- 
ber of little planes. 

Thus, in Fig. 235, the incident ray, E 0, 
foiling upon the concave surface, a C 6, 
will still be reflected, in obedience to the 
eame law, in the direction C D, the angle 
being reckoned from the perpendicular to 
that point of the curve where the incident 
ray falls. The same will also be true of 
the convex surface, A C B. 
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WTiatiBmeant 658. An image, in optics, is the figure of 
^^ an image ? any objcct made by rays proceeding from the 
several points of it. 

What is a com 659. A commou looklng-glass consists of a 
S^i? 00 ng- gjg^gg plate, having smooth and parallel sur- 
faces, and coated on the back with an amalgam* of tin 
and quicksilver. 

Howarethaim- '^^^ imagcsformed ina common looking-glass 
IiTOi^'^^uJ? ^^® mainly produced by the reflection of the 
rays of light from the metallic surface attached 
to the back of the glass, and not from the glass itself. 

The effect may be explained as follows: — A portion of the light Incident 
upon the anterior surface is regularly reflected, and another portion irregu- 
larly. The first produces a very faint image of an object placed before the 
glass, while the other renders the surface of the glass itself visible. Another, 
and much greater portion, however, of the light falling upon the anterior sur- 
^auCQ passes into the glass and strikes upon the brilliant metallic coating upon 
the back, from which it is regularly reflected, and returning to the eye, pro- 
duces a strong image of the object There are, therefore, strictly speaking, 
two images formed in every looking-glass — ^the first a faint one by the light 
reflected regularly firom the anterior sur^u>e, and the second a strong one by 
the light reflected from the metallic sur&u^e ; and one of these images will be 
before the other at a distance equal to the thickness of the glasa In good 
mirrors, the superior brilliancy of the image produced by the metallic suHSek^ 
will render the faint image produced by the anterior surface invisible, but in 
glasses badly silvered, the two images may be easily seen. 

If the surfaces of the mirror could be so highly polished as to reflect regu- 
larly all the light incident upon it, the mirror itself would be invisible, and the 
observer, receiving the reflected light, would perceive nothing but the images 
of the objects before it This amount of polish it is impossible to effect arti- 
ficially, but in many of the large plate-glass mirrors manufactured at the pres- 
ent time, a high degree of perfection is attained. Such a mirror placed ver- 
tically against the wall' of a room, appears to the eye merely as an opening 
leading into another room, precisely similar and similarly furnished and illum- 
inated ; and an inattentive observer is only prevented fh)m attempting to 
walk through such an apparent opening by encountering his own image aa 
he approaches it. 

660. A plane mirror only changes the direc- 

In what man- , At n i» i i»i/»ii 

ner does a tion of the ravs ot liffht which tall upon it, 

plnne mirror ,'' i«i» •• -rn 

reflect raya of without altering their relative position. It 
^ they fall upon it perpendicularly, they will be 

* An amalgam ia a mixture or compound of quicksilver and some othef metaL 
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Wben will the 

. Imase in a 

looldng'gUiM 

appear diBtorU 

Hoir Is an ap- 
parent change 
of place caused 
by reflection f 



reflected perpendicularly ; if they fall upon it obliquely, 
they will be reflected obliquely ; the angle of reflection 
being always equal to the angle of incidence. 

If the two surfaces of mirrors are not parallel, or uneven, 
then the rays of light falling upon it will not be reflected regu- 
larly, and the image will appear distorted. 

661. We always seem to see an object in the 
direction from which its rays enter the eye. A 
mirror, therefore, which, by reflection, changes 
the direction of the rays proceeding from an 
object, will change the apparent place of the object. 

Thus, if the rays of a candle fall obliquely upon a mirror, and are reflected 
to the eye, we shall seem to see the candle in the mirror in the direction 
in which they proceed after reflection. 

If we lay a looking-glass upon the floor, with its face uppermost, and place 
a candle beside it, the image of the candle will be seen in the mirror, by a 
person standing opposite, as inverted, and as much below the sur&ce of the 
glass as the candle itself stands above the glass. The reason of this is, that 
the incident rays from the candle which fell upon the mirror are reflected to 

the eye in the same 
^^- 236. ^ direction that they 

'' would have taken, had 
they really come from 
a candle situated as 
much below the sur- 
face of the glass, as 
the first candle was 
above the surfece. 
.. This fact will be 
clearly shown by re- 
_-^erriiig to Fig. 236. 
Wlien we look into a plane mirror (the common loofting-glass) the rays of 
light which proceed from each point of our body befose the mirror will, after 
reflection, proceed as if they came from a mint holding a corresponding posi- 
tion behind the mirror; and- therefore >foduce the «alhe effect upon the eye 
of the observer as if they had*actuai^j20rai3 from that point The image 
in the glass, consequentl^^^ppeara-to be at the same distance behind the 
surface of the glass, as the obj(5^<S|p before it 

Let A, Fig. 237, be any point of a visible object placed before a looking^ 
glass, M N. Let A B and A be two rays diverging from it, and reflected 
from B and C to an eye at^p^ After reflection they will proceed as if they 
had issued from a point, a, as far behind the surface of the looking-glass 
as A is before it — that is to sajj^^ the distance A N will be equal to the 
distance N a. 
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For this reason our reflection in 
a mirror seems to approach us when 
we walk toward it, and to retire 
from us as we retire. 

Upon the same principle, when 
trees, buildings, or other objects 
are reflected from the horizontal 
surface of a pond, or other smooth 
sheet of water, they appear in- 
verted, since the light of the object, 
reflected to our eyes fi^m the 
surface of the water, comes to us 
with the same direction as it 
would hare done, had it proceeded 
directly from an inverted object 
in the water. 

In Fig. 238, the light proceed- 



Fio. 23T. 




Fia. 238. 





ing from the arrow-head, A, strikes the water 
at . F, and is reflected to D, and that from 
the barb, B, strikes the water at E, and is 

Nyy^ reflected to 0. A spectator standing at 0- 

y'/ will see the reflected rays, E G and F O, as 

if they proceeded directly from and D, and 
the image of the arrow will appear to be lo- 
cated at C D. 

It is in accordance with the law that the 
angles of incidence are equal to the angles of 
reflection, that a person is enabled to see his whole figure reflcxited from the 
surfece of a comparatively small mirror. Thus, in Fig. 239, let a person, C D, 
Fig. 239. be placed at a suitable distance from a mir- 

^ A :b ror, A B. The rays of light, C A, proceed- 

ing from the head of the person, fall perpen- 
dicularly upon the mirror, and are therefore 
reflected back perpendicularly, or in the 
same line; the rays B D proceeding from 
!• the feet, however, fall obliquely upon the 

mirror, and are therefore reflected obliquely, and reach the eye in the same 
direction they would have taken had they proceeded from the point F behind 
the mirror. 

Is the same 662. The quantity of light reflected from a 
reSS^It*^^ given surface, is not the same at all angles, or 
angles? inclinations. When the angle or inclination 

with which a ray of light strikes upon a reflecting surface 
is great, the amount of light reflected to the eye wiU be 
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i... '1.. . 



X1.-1 -.. - in: 












w ,«^ 'j* *r .^ "ijt ^jriM-it if Tit* "•wn^r '"■'27' yiil rn*i-'' 





'/.^ -jt*- T; ^ ra-* O E fcvi B 2 x^i^t. priee^i fin tjrSL sr&e tbe sai£Mse 
'j^ * \t: water rerj o-. . -■>->. a&i tL* lijt^ t1j::i is rE&aScd is tfa& dire rtioii 
R .• ii »r.i!Lr.*rLt v> r>a-re » aeoa ->;■?• ;rr.pfesfc:<i "ipoc ib* ere. Bat in regard 
to oif/sfrjL »v-i; M A. p>laced near tLe sc^ctator. thej are not seen icfledad, 
'tf^^^^ t'^ r»Tf A E' irhJjc proceed fr-jm. dii^i amke the vater with but 
littje oo'^q-j.'r : and co&v=qi?t,tlT, tLe put cf tb«r lUit wiiidi is reflected 
in x'tifi *Lrf,<,'jti B' S, toirard tLe qKcCator. is not ea&ieat to pRidooe a 8eQ> 
mhUi imi^TvJir/a nyj:* t!.e c-ye. 

w*,«t i« th^ 6^>3- If an oLject T>e placed between two 
'^r'^^w^'ji^ plane roiirors, each will produce a reflected 
fj.irfcrri f iraacre, and will ako repeat the one reflected 

by the other — the image of the one becoming the object 
for the othen A great number of images are thus pro- 
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duced, and if the light were not gradually weakened by 
loss at each successive reflection, the number would be in- 
finite. 

If the mirrors are placed so as to form an angle with each other, the num- 
ber of mutual reflections will be diminished, proportionablj to the extent of 
the angle formed hy the mirrors. 

-»^ -it. x^ The constru(5tion of the optical instrument called the Kalei- 

Describe the , . , , . , ^ , , . ,. . 

Kaleidoscope. doscope IS based simply upon the multiphcation of an image 

by two or more mirrors inclined toward each other. It con- 
sists of a tube containing two or more narrow strips of looking-glass, which 
run through it lengthwise, and are generally inclined at an angle of about 
60®. If at one end of the tube a number of small pieces of colored glass 
and other similar objects are placed, they will be reflected from the mirrors 
in such a way as to form regular and most elegant combinations of figures. 
An endless variety of symmetrical combinations may be thus formed, since 
every time the instrument is moved or shaken the objects arrange themselves 
differently, and a new figure is produced. 

Upon the surface of smooth water the sun, when it is nearly 
vertical, as at noon, appears to shine upon only one spot, 
aH the rest of the water appearing dark. The reason of this 
is, that the rays &U at various degrees of obliquity on the 
water, and are reflected at similar angles ; but as only those 
which meet the eye of the spectator are visible, the whole sur- 
£ice will appear dark, except at the point where the reflection occurs. 



Why does the 
San appear at 
noon to shine 
at only one 
point upon the 
surface of 
water? 



Fig. 241. 



Thus, in Fig. 241, of the rays 
S A, S B, and S C, only the ray 
S C meets the eye of the specta- 
tor, D. The point C, therefore, 
will appear luminous to the spec- 
tator D, but no other part of the 
surface. 

Another curious optical pheno- 
menon is seen when the rays of 
the sun, or moon fall at an angle 
upon the surface of water gently 
agitated by the wind. A long, 
tremulous path of light seems to 
be formed toward the eye of the 
spectator, while all the rest of the 
surfeice appears dark. The reason 
of this appearance is, that every little wave, in an extent perhaps of miles, has 
some part of its rounded surface with the direction or obliquity which, accord- 
ing to the required relation of the angles of incidence and reflection, fits it to 
reflect the light to the eye, and hence every wave in that extent sends its mo- 
mentary gleam, which is succeeded by others. 
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What !«» Con- 664. A concavc mirror maybe considered 
as the iaterior surface of a portion, or segment 
of a hollow sphere. 

This is clearly shown in Fig. 242. 

A ooncavo mirror may be represented by a bright spoon, or the reflector of 
a lantern. 

iTow»ep«id- When parallel rays of light fall upon the 
idf?om""«^t surface of a concave mirror, they are reflected 
care mirror? ^^^ causcd to convergo to a poiut half way 
between the center of the surface and the center of the 
curve of the mirror. This point in front of the mirror is 
called the principal focus of the mirror. 



FiQ. 242. 




Thus, in Fig. 242, let 1, 2, 3, 4, etc., be 
parallel rays falling upon a concave mir- 
ror; they will, after reflection, be found con 
verging to the point o, the principal focus, 
which is situated half way between the 
center of the sur&ce of the mirror and 
the geometrical center of the curve of the 
mirror, a. 

Why are con- 665. CoUCaVe 

SJedbt;^ mirrors are some- 
mirrofB? timcs designated 

as "Burning Mirrors," since " 

the rays of the sun which fall upon them pamllel, are re- 
flected and converged to a focus (fire-place), where their 
light and heat are increased in as great a degree as the 
area of the mirror exceeds the area of the focus.* 
In what man ^^^' Diverging rays of light issuing from a 
ner arediyerg- lumiuous body placcd at the ccutcr of the curve 
fleeted from a of a coucavc sphcrical mirror, will be reflected 
ror ? " back to the same point from which they diverged. 

* A bnming mirror, 80 inches in diameter, constracted of platter of Paris, gilt and bar- 
nlshed, has been found capable of igniting tinder at a distance of 50 feet It is related 
that Archimedes, the philosopher of Syracuse, employed burning mirrors 200 years before 
the Christian era, to destroy the besieging navy of Marcellus, the Roman consul ; his 
mirror was probably constructed of a great number of flat pieces. The most remarkable 
experiments, hoirerer, of this nature, were made by Buffon, the eminent French natural- 
ist, who had a machine composed of 168 small plane mirrors, so arranged that they all 
reflected radiant heat to the same focus. By means of this combination of reflecting sur- 
faces he was able to set wood on fire at the distance of 209 feet, to melt l«ad at 100 fiset, 
and silyer at 50 feet. 
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Flo. 244 
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Fig. 243. Thus, if A B, Fig. 243, were a concave spheri- 

cal mirror, of which C were the center, rays issu- 
ing from C would, in obedience to the law that 
the angle of incidence and reflection are equal, 
meet again at 0. 

Diverging rays falling on a spheri- 
cal concave mirror, if they issue from 
the principal focus, half way between the center of the sur- 
face and the center of the curve of the mirror, will be re- 
flected in parallel lines. 

Thus, in Fig. 244, if F represent a can- 
dle placed before a concave mirror, ABO, 
half way between the center of its surface, 
B, and the center of its curve, C, its rays, 
falling upon the minor, will be reflected * 
in the parallel lines defgh. 

This principle is taken advantage of in 
the arrangement of the illuminating and 
reflecting apparatus of light-houses. The lamps are placed before a concave 
mirror, in its principal focus, and the rays of light proceeding fix)m them are 
reflected parallel from the surface of the mirror. 

"When the rays issue fl^m a point, P, Fig. 
245, beyond the center, C, of the curve of the 
mirror, they will, aflier reflection, converge to 
a focus, / between the principal focus, F, and 
the center of the curve, 0. 

On the contrary, if the rays issue from a 
point between the principal focus, F, and the 
surface of the mirror, they will diverge afl;er 
reflection. 
667. Images are formed by concave mirrors 
in the same manner as by plane ones, but they 
are of different size from the object, their gen- 
eral effect being to produce an image larger than the 
object. 

When an object is placed between a concave 
mirror and its principal focus, the image will 
appear larger than the object, in an erect posi- 
tion and behind the mirror. 
This will be apparent from Fig. 246. Let a be an object situated 
within the focus of the mirror. The rays from its extremities will fell 
divergent on the mirror, and be reflected less divergent to the eye at ^ 



Fm. 246. 




How are images 
formed by con- 
care mirrors f 



When will the 
image formed 
by a concave 
mirror be mag- 
nified f 



310 



WKUUra NATUBAL PHILOBOPHT. 




V' 




Fio. 24A, 88 tiiough they proceeded from sa ob- 

ject behind the mirror, as at A. To an 
eye at h also, the image win appear 
larger than the object a^ since the angle 
of vision is larger. 

If the rays proceed from a distant body, 
\ as at B D., Fig. 247, beyond the cen- 
\ tor, C, of a spherical concave mirror, A B, 
:;;i=='-~ they will, after reflection, be converged to 
a focus in front of the mirror, and some- 
what nearer to the center, C, than the prin- 
cipal focna, and there paint upon any 
substance placed to receive it, an im- ^' **' 

age mverted, and smaller than the object ; 
this image will be very bright, as all the 
light incident upon the mirror will be gath- 
ered into a small space. As the object 
approaches the mirror, the image recedes 
from it and approaches ; and when situ- 
ated at C, the center of the curve of the mirror, the image will be reflected 
as large as the object ; when it is at any point between C and/ supposing / 
to be the focus for parallel rays, it will be reflected, enlarged, and more dis- 
tant from the mirror than the object, this distance increasing, until the ob- 
ject arrives at/, anU then the image becomes infinite, the rays being reflected 
parallel* 

668. When an object is further from the 
surface of a concave mirror than its principal 
focus, the image will appear inverted ; but 
when the object is between the mirror and its 
principal focus, the image will be upright, and 
increase in size in proportion as the object is placed nearer 
to the focus. 

The &ct that images are formed at the foci of a concave mirror, and that by 
varying the distance of objects before the surface of the mirror, we may vary 
the position and size of the images formed at such foci, was often taken ad- 
vantage of in the middle ages to astonish ahd delude the ignorant Thus, 
the mirror and the object being concealed behind a curtain, or a partition, and 
the object strongly illuminated, the rays from the object might be reflected 
from the mirror in such a manner as to pass through an opening in the screen, 
and come to a focus at some distance beyond, in the air. If a doud of smoke 

* In all the cases referred to, of the reflection of light from concave mirrors, the aper- 
ture or curvature of the mirror is presumed to be inconsiderable. If it be increased be- 
yord a certain limit, the raya of light incident upon It are modified in their reflection 
from its surface. 



When win the 
images reflect- 
ed from a con- 
cave mirror 
appear invert- 
ed, and vhen 
erect? 
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from burning incense were caused to ascend at this point, an image would be 
formed upon it, and appear suspended in the air in an apparently supernatural 
manner. In this way, terrifying apparitions of skulls, daggers, etc., were 
produced. >lfC 

WhatisaCon- 
▼ez Mirror? 

a sphere. 

Where is the 
principal focus 
of a conT^ 
mirror? 



669. A Convex Mirror may be considered 
as any given portion of the exterior surface of 
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The principal focus of a convex mirror lies 
as far behind the reflecting surface as in con- 
cave mirrors it lies before it. (See § 664) 
The focus in this case is called the virtual focus, because 
it is only an imaginary point, toward which the rays of 
reflection appear to be directed. 

Thus, let ab c d e, Fig. 248, be 
parallel rays incident upon a convex 
mirror, A B, whose center of curvature 
is 0. These rays are reflected diverg- 
ent, in the directions a b' € df e', as 
though they proceeded from a point, 
F, behind the mirror, corresponding 
to the focus of a concave mirror. 

If the point be the geometrical 
center of the curve of the mirror, the 
point F will be half way between 
and the surface of the mirror ; as this 
focus is only apparent, it is called the virtual focus. 

Eays of light falling upon a convex mirror, 
diverging, are rendered still more divergent by 
reflection from its surface ; and convergent 
rays are reflected, either parallel or less con- 

FlG. 249. 

670. The general effect 
of convex mirrors is to 
produce an image smaller 
than the object itself. 

Thus, in Fig. 249, let D E be an object placed 
before a convex mirror, A B ; the rays proceed- 
ing from it will be reflected from the convex sur- 
&ce to the eye at H K, as though they proceeded 
fix>m an object, d e, behind the mirror, thus pre- 
senting an image smaller, erect, and much nearer 
the mirror than the object. 



How are di- 
verging and 
converging 
rays reflected 
from a convex 
mirror? 

vergent. 

What is the 
nature of the 
images formed 
by convex mir- 
rors? 
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Thus the globular bottles filled with colored liquid, in the window of a 
drug-store, exhibit all the variety of moving sceneiy without^ such as car- 
riages, carta, and people moving in different directions: the upper half of 
each bottle exhibiting all the images inverted, while the lower half exhibits 
another set of them in tbe erect position. 

Convex mirrors are sometimes called dispersing mirrors, as all the rays of 
light wliich &11 upon them are reflected in a diverging direction. 

What is c«- 671. That department of the science of 
toptrica? optics which treats of reflected light, is often 
designated as Catoptrics. 

SECTION II. 

BEFBACTION OF LIOHT. 

What is meant I^ight traverscs a given transparent sub- 
tionof ii^ht?°' stance, such as air, water, or glass, in a straight 
line, provided no reflection occurs and there is 
no change of density in the composition of the medium ; 
but when light passes obliquely from one medium to an- 
other, or from one part of the same medium into another 
part of a different density, it is bent from a straight line, 
or refracted. 

What Is a me- 672. A xncdium, in optics, is any substance, 
diuminoptici.? gQij^^ liquid, or gaseous, through which light 
can pass. 

A medium, in optics, is said to be dense or rare, according to its power of 
refracting light, and not according to its specific gravity. Thus alcohol, olive 
oil, oil of turpentine, and the like substances, although of less specific gravity 
than water, have a greater refractive power ; they are, therefore, called denser 
media than water. 

673. The fimdamental laws which govern the refraction of light may be 
stated as follows : 

What laws goT- Whcu light passcs from one medium into 
tiSio^^iiiS?*^ another, in a direction perpendicular to the 
surface, it continues on in a straight line, with- 
out altering its course. When light passes obliquely from 
a rarer into a denser medium, it is refracted toward a 
perpendicular to the surface, and this refraction is in- 
creased or diminished in proportion as the rays fall more 
or less obliquely upon the refracting surface. 
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Fta, 250. 




Fig. 261. 



When light passes obliquely out of a denser into a rarer 
medium, it passes through the rarer medium in a more 
oblique direction, and further from a perpendicular to the 
surface of the denser medium. 

Thus, in Fig. 250, suppose nm to represent the 
, surface of water, and S a ray of light striking 
upon its surface. When the ray S enters the" 
! water, it will no longer pursue a straight course, 
but will be refracted, or bent toward the perpen- 
dicular line, A B, m the direction S 0. The denser 
the water or other fluid may be, the more the ray 
I S H will be refracted, or turned toward A B. 
i H on the contrary, a ray of light, H 0, passes from 
the water mto the air, its direction after leaving the water will be further from 
the perpendicular A 0, in the direction S. 

The effects of the refraction of 
light may be illustrated by the fol- 
lowing simple experiment : — Let a 
coin or any other object be placed 
at the bottom of a bowl, as at m, 
Fig. 251, in such a manner that the 
eye at a can not perceive it, on ac- 
count of the edge of the bowl which 
intervenes and obstructs the rays of 
light. If now an attendant care- 
fully pours water into the vessel, the 

coin rises mto view, just as if the bottom of the basin had been elevated 
above its real level This is owing to a refraction by the water of the rays 
of light proceeding from the coin, which are thereby caused to pass to the 
eye m the direction i i. The image of the com, therefore, appears at n, in the 
direction of these rays, instead of at w, its true position. 

A straight stick, partly immersed in water, appears to be broken or bent 

at the point of immersion. This is owing to the fact that the rays of light 

proceeding from the part of the stick contained m the water are refracted, or 

Fia 252 caused to deviate from a straight line as they pass from th© 

water mto the air ; consequently that portion of the stick 

immersed in the water will appear to be lifted up, or to 

be bent in such a manner as to form an angle with the 

part out of the water. 

The bent appearance of the stick in water is represented 
in Fig. 252. For the same reason, a spoon in a glass of 
water, or an oar partially immersed in water, always ap- 

, pears bent. 

On account of this bending of light from objects under water, a person whp 
endeavors to strike a fish with a spear, must, unless directly above the fiah, 

14 
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aim at a point apparentlj below it, otherwise the weapon will miss, by pass- 
ing too high. 

A river, or any clear water viewed obliquely from the bank, appears more 
ahallow than it really is, since the Hght proceeding from the objects at the 
bottom, is refracted as it emerges fi-om the surfijce of the water. The depth 
of water, xinder sach circumstances, is about one third more than it appears, 
and owing to this optical deception, persons m bathing are liable to get be- 
yond then: depth. 

Light, on entering the atmosphere, is re- 
pheric refr»c- iracted in a greater or less degree, m propor- 
tion to the density of the air ; consequently, 
as that portion of the atmosphere nearest the surface 
of the earth possesses the greatest density, it must also 
possess the greatest refractive power. 

Wluit eff t hat I^Tom this cause the sun and other celestial bodies are never 
refraction apoa seen in their true situations, unless they happen to be vertl- 
the m?^^ ^' ^ ' *"^^ *^® nearer they are to the horizon, the greater will 

be the influence of refraction in altering the apparent place of 
any of these luminariea 

This forms one of the sources of error to be allowed for m all astronomical 
observations, and tables are calculated hr finding the amount of refraction, 
dependmg on the apparent altitude of the object, and the state of the barom- 
eter and thermometer. When the object is vertical, or nearly so, this error 
is hardly sensible, but increases rapidly as it approaches the horizon; so that^ 
in the morning, the sun is rendered visible before he has actually risen, and 
in the. evening, after he has set 

For the same reason, mommg does not occur at the in.- 
Suse of tw * ®**^* ^^ *^® sun's appearance above the horizon, or night 
light? set in as soon as he has disappeared below it. But both 

at morning and evening, the rays proceeding tcom the sun 
below the horizon are, in consequence of atmospheric refraction, bent 
down to the surface of the earth, and thus, in connection with a reflect- 
ing action of the partides of the idr, produce a lengthening of the day, termed 
t\nlight 

In what man- '^ *^® density of the air diminishes gradually upward from 
ner Is light re- the earth, atmospheric refraction is not a sudden change of 
Stm^phwe?* direction, as hi the case of the passage of Hght from ah* into 

water, but the ray of light actually describes a curve, being 
refracted more and more at each step of its progresa This applies to 
the light received from a distant object on the surface of the earth, which is 
lower or higher than the eye, as well as to that received from a celestial ob- 
ject, since it must pass through afr constantiy increasing or diminishmg in 
density. Hence, in the engineering operation of leveling, this refraction must 
be taken into eonsideratuxu 
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E lain th ^*^^ "^^ appKcation of the laws of refraction of light ac- 

phenoraena of count for many curious deceptive appearances in the at- 
^^ir&go. mosphere, which are included under the general name of 

Mirage. In these phenomena, the images of objects far remote are seen at an 
elevation in the atmosphere, either erect or inverted. Thus travelers upon a 
desert, where the surface of the earth is highly heated by the sun, are often 
deceived by the appearance of water in the distance, surrounded by trees and 
villages. In the same manner at sea, the images of vessels at a great distance 
and below the horizon, will at times appear floating in the atmosphere. Such 
appearances are frequently seen with great distinctness upon the great Amer- 
ican lakes. These phenomena appear to be due to a change in the density of 
the strata of air which are immediately in contact with the surface of the earth. 
Thus it often happens that strata resting upon the land may be rendered much 
hotter, and those resting upon the water much cooler, by contact with the 
surface, than other strata occupymg more elevated positions. Bays, there- 
fore, on proceeding from a distant object and traversing these strata^ will be 
unequally reflected, and caused to proceed in a curvilinear direction ; and in 
this way an object situated behmd a hill, or below the horizon, may be 
" brought into view and appear suspend- 

' ^^ ed in the air. This may be readily 

understood by reference to Fig. 253. 
Suppose the rays of light from the 
ship, S, below the horizon to reach 
the eye, after assuming a curvilinear 
direction by passing through strata of 
air of varying density; then, as an 
^s object always appears in the direction 
in which the last rays proceeding from 
it enter the eye, two inlages will be seen in the direction of the dotted 
lines, one of them being inverted. 

These phenomena may be sometimes imitated. Thus, if we look along a 
red hot bar of iron, or a mass of heated charcoal at some image, a short dis- 
tance from it, an inverted reflection of it will be seen. In the same manner, 
if we place in a glass vessel liquids of different densities, so that they float 
one above another, and look through them at some object^ it will be seen 
distorted and removed from its true place, by reason of the unequal refiractive 
and reflective powers of the liquids employed. 

675. The angle of refraction of light is not, 
of refractton like the angle of reflection, equal to the angle 
a2gieo?fad! of incidence; but it is nevertheless subject 
^^**' to a definite law, which is called the law of 

sines. 

wh*ti« aiiiiif ^ ^® ^ * "^^^ ^® drawn from any point in one of the 
lines indoaing an angle, perpendicular to the other line. 
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Fio. 254. Thoa, in Fig. 244, let AB C be an angle; then 

a will be the sine of that angle, being drawn from 
a point in the line A B, perpendicular to the line 
B G. Two angles maj be compared hy means of 
their sines, but whenever this is done, the lengths 
of the sides of the angles must be made eqna], be- 
cause the sine varies in length according to the length of the lines forming 
the angle. 

The general law of refraction is as follows: — 
Wha th When a ray of light passes from one medium 
general law of to anothcr, the sinc of the angle of incidence 
^ **^ ""^ is in a constant ratio to the sine of the angle 
of refraction. 

The proportion or relation between these sines differs when different media 
are used ; but for the same medium it is always the same. 



Fig. 255. 
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Thus, in Fig. 255, let F E be the surfeee of 
some refracting medium, as water, and H B, 
H' R, rays incident upon it, at different angles ; 
the former will be refracted in the direction 
R F; a and 6 will be the sines of the angle 
of incidence, and c d the sines of the angle of 
refraction ; and the quotient arising from di- 
viding 5 by c, is the same as that from divid- 
ing a by d. In the case of air- and water, 
the sine of the angle of incidence in the air 
will be to the sine of the angle of refraction 
in water as 4 is to 3 ; in any two other me- 
dia, a diflTerent ratio would be observed with equal (instancy. 

The quotient found by dividing the sine of 
the angle of incidence by the sine of the angle 
of refraction, is called the index of refraction. 

As different bodies have different refractive powers, they will present dif- 
ferent indices, but in the same substance it is always constant. Thus, the 
refractive index of water is 1.335, of flint glass, 1.55, of the diamond, 2.487. 
Is light ever ^^ surface ever transmits all the light which fiiUs upon itj 
wiioUy trans- but a portion is always reflected. If, in a dark room, we 
" allow a sunbeam to fall on the surface of water, the division 

of the light into a reflected and refracted ray will be clearly perceptible. 

,, ^ ^ ^ , "When the obliquity of an incident ray passing through a 

Under what cir- , ,. /^ •' . , ^, ■',*^ x • i. • \ • 

cumstanceswiii denser medium toward a rarer (as through water mto air), is 

of U^ hroosurT ^^^ *^^* *^® ®^°® ^^ ^*® refractmg angle is equal to 90°, it 

ceases to pass out, and is reflected from the surface of the 

denser medium back into it again. This constitutes the only kno¥m instance 

of the total reflection of light. The phenomena may be aeon by looking 



What is 
index of 
fraction? 
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through the sides of a tumbler containing water, up to the surface in an 
oblique direction, when the surface will be seen to be opaque, and more re- 
flective than any mirror, appearing like a sheet of burnished silver. 

No law has yet been discovered which will enable us to 
BtaJnces^^SfluI j^^g^ of the refractive power of bodies from their other quali- 
ence the re- ties. As a general rule, dense bodies have a greater refrac- 
ofl^^B^**^^ *ive power than those which are rare; and the refractive 
power of any particular substance is increased or diminished 
in the same ratio as its density is increased or diminished. Refractive power 
seems to be the only property, except weight, which is unaltered by chemical 
combination ; so that by knowing the lefractlye power of the ingredients, w 
can calculate that of the compound. 

All highly inflammable bodies, such as oils, hydrogen, the diamond, phos- 
phorus, sulphur, amber, camphor, etc., have a refractive power from ten to 
seven times greater than that of incombustible substances of equal density. 

Of all transparent bodies the diamond possesses the 
greatest refractive or light-bending power, although it is 
exceeded by a few deeply-colored, almost opaque miner- 
als. It is in great part from this property that the dia- 
mond owes its brilliancy as a jewel. 

Many years before the combustibility of the diamond was proved by ex- 
periment, Sir Isaac Newton predicted, from the circumstance of its liigh re- 
fractive power, that it would ultimately be found to be inflammable. 

If the surface of any naturally transparent body is made 
rough and irregular; the rays of light which fall upon it 
are refracted and reflected so irregularly, that they fail to 
penetrate and pass through the substance of the body, 
and its transparency is thus destroyed. 

Glass made rough on its surface loses its transparency; but if we rub a 
ground glass surface with wax, or any other substance of nearly the same 
optical density, we fill up the irregularities and restore its transparency. Horn 
is translucent, but a horn shaving is nearly opaque. The reason of this is 
that the surface of the shaving has been torn and rendered rough, and the 
rays of light falling upon it are too much reflected and refracted to be trans- 
mitted, and thereby render it translucent. On the same principle, by filling 
up the pores and irregularities of the surface of white paper, which is opaque, 
with oil, we render it nearly transparent. 

How isrefrac- Accordiug to the uudulatory theory of light, 
tion accounted ^efraction is supposed to be due to an altera- 
tion in the velocity with which the ray of light 
travels. According to the corpuscular theory, it is ac- 
counted for on the supposition that different substances 
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exert different attractive influences on the particles of 
light coming in contact with them. 

wutuwop- That department of the science of optics 
tries? which treats of the refraction of light is termed 
Dioptrics. 

What cMUM ^'^^^ When a ray of light passes througli a 
^MthronRh transparent medium whose sides where the 
SwMTfkcJirr ™y enters and emerges are parallel, it will 
suffer no permanent change of direction by 
refraction, since the second surface exactly compensates 
for the refractive effect of the first. 

PiQ 266, ^^ ^®* -^ -^ ^' 256, be a plate of 

glass, whose sides are parallel, and B C a 
raj of light mcident upon it ; it will be re- 
fracted in the direction G D, and on leaving 
the glass will be refracted again, emerging 
in the line D E, parallel to the course it 
-would have pursued if it had not been re- 
fracted at all, and which is shown by the 
dotted line. A small lateral displacement is^ 
however, occasioned in the path of the ray, 
depending on the thickness of the glass 
plate. 
This explains the reason why a plate of 
glass in a window whose surfaces are perfectly parallel, occasions no distor- 
tion, or alteration of the position of objects seen through it, by reason of its 
refractive power. The rays suffer two refractions in contrary directions, which 
produce the same effect as if no refraction had taken place. 

What happ«ni If ^^^ surfUccs of the medium through which 
pJInm through I'g^* passes are not parallel, the direction of 
SiSi^esiJen" ^^^^ ^^7 passiug through it is permanently 
panuieir altered, the change being greater as the incli- 

nation of the two surfaces is greater. 

Thus window-glass of unequal thickness displaces and distorts all objects 
seen through it Hence the singular distortion of objects viewed through that 
swollinp, or lump of glass known as the " bull's eye," which is sometimes 
Bocn in the center of very coarse panes of glass, and which remains where 
tho glass-blower's instrument was attached. 

wbRt iB a 677. Any glass having two plane surfaces 
^'*"°'' not parallel, is called a Prism. 
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As ordinarily constructed, a prism* is an ¥ta. 267. 

oblong, triangular, or wedge-shaped piece of 
glass, with sides inclined at any angle, as 
is represented in Fig. 257. 

Explain theac ^^ ^^^^^ *^^°^«^^ * 

tlon of the prism, all objects are seen 
priiim. removed from their true 

plaoa Thus, let CAB, Fig. 258, be a prism, and D E a ray of light inci- 
Fio. 258. dent upon it ; it will be refracted in 

the direction E F, and on emerging, 
c o A ^*^ again be refracted in the direc- 

tion F H; and as objects always 
appear in the direction in which the 
last ray enters the eye, the object 
D will appear at G, in the direction 
of the dotted line, elevated above its 
real position. If the refracting angle, A C B, had been placed downward, 
the object would have appeared as much depressed. 

The prism, although of simple construction, is one of the most important 
of optical instruments, and to its agency we are indebted for most of the in- 
formation we possess respecting the nature and constitution of light. The 
beautifiil and complicated results of its practical application belong to that 
department of optics which treats of the phenomena of color. 

^ 678. A Lens is a piece of glass or other 
transparent substance, bounded on both sides 
by polished spherical surfaces, or on the one side by a 
spherical, and on the other by a plane surface. Rays of 
light passing through it are made to change their direc- 
tion, and to magnify or diminish the appearance of objects 
at a certain distance. 

How many Thcrc are six different kinds of simple lenses, 
i^Viie there? ^^^ ^^ which may be considered as portions of 
the external or internal surface of a sphere. 
Four of these lenses are bounded by two spherical sur- 
faces, and two by a plain and spherical surface. 

Fig. 259 represents sectional views of the six varieties of simple lenses. 
Explain the dif- -^ doublc convcx Icus is bouudcd by two 
leJws.^^''**^''^ convex spherical surfaces, as at A, Fig. 259. 

To this figure the appellation of lens was first applied from 
its resemblance to a lentil seed (in Latin, lens). 

A plano-convex, or single convex lens has one side 
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bounded by a plane suifece, and the otber by a convex 
surface. It is represented at B, Fig. 259. 



Fig. 259. 





I^a ^^^ 



A meniscus^ or concavo-conyex lens is convex on one 
side and concave on the other^ as at C, Fig. 259. 

To this kind of lens the term ** periscopic" has recently been applied, finom 
the Greek, signifying to view on all sides. 

A double concave lens is concave upon both sides^ as 
at D, Fig. 259. 

A plano-concave, or single concave lens, is bounded on 
one side by a plane, and on the other by a concave sur- 
face, as at E, Fig. 259. 

A concavo-convex lens is bounded on one side by a 
concave, and on the other by a convex surface, as at F, 
Fig. 259. 

intoiunrmrar The six Varieties of simple lenses are divided 
2JSm be"^ i^*^ ^^^ classes, which are denominated con- 
^«*' verging and diverging lenses, since the one 

class renders parallel rays of light falling upon them con- 
vergent, and the other class renders them divergent. 

In Pig. 259 A B are converging, or collecting lenses, and D E P diveig«- 
ing, or dispersing lenses. The former are thickest at the center; the latter 
are thinner at the center than at the edges. 

In the first class it is suiBcient to consider only the double-convex lena^ 
and in the second class only the doable-concave lens, since the properties of 
each of these lenses apply to all the others of the same class. 

Por optical purposes lenses are generally made of glass, but in some 
instances other substances are employed, such as rock-crystal, the dia- 
mond, etc. 

mat is the ^^ all the various kinds of lenses there must 

rfSuL?^'*' '^^ a point through which rays of light passing 

experience no deviation ; or in other words, 
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the incident and emergent rays are parallel. Such a point 
is called the optical center of a lens. 
What 18 the The axis of a lens is a straight line passing 
axis of a lens? through the ccntcr perpendicular to the sur- 
face of the lens. 

„^ , . On this line will be situated the geometrical centers of the 

>v ncn is a lens « , , •■ « , 

considered ex- two surfeces of the lens, or rather of the spheres of which 
actly oentered ? ^jj^y fo^m portions. 

A lens is said to be truly or exactly centered when its optical center is sit- 
uated at a point on the axis equally distant from corresponding parts of the 
surface in e^ery direction ; as then objects seen through the lens will not ap- 
pear altered in position when it is turned round perpendicularly to its axis. 

In what man- 679. Parallel rays of light falling upon a 

T^^is^t^ double-convex lens are converged to a focus 

ilna? ^^^^^ ^* ^ distance varying with the curvature of 

its sides. 

Fig. 260. The double-convex lens may be regarded as 

two prisms, with curved surfaces, united at 

their bases, as is represented in Fig. 260; 

and as in a prism the ray of light refracted 

by it is always turned toward its back, or 

thicker part (whether that be turned upward, 

downward, or to either side), it follows that 

when parallel rays fall upon a double-convex 

lens, or two prisms united at their bases, they 

will converge to a point 

What is the The point where parallel rays of light fall- 
Sf^'t^ionvex i^g ^P^^ ^^^ ^^^® ^^ ^ convex IcDS uuitc by 
lens? refraction upon the opposite side, is called the 

principal focus of a lens. 

What Is the The distance from the middle of a lens to 
omenB?**°*^ its principal focus, is called the focal distance 
of a lens. 

This in a single convex lens is equal to the diameter of the sphere of which 
the lens is a portion ; in a double-convex lens it is equal to the radius, or 
semi- diameter of the sphere of which the lens is a portion. 

The focal distance of parallel rays falling upon a convex lens is repre- 
sented at A, Fig. 261. If the rays are converging, as at B, they will come 
to a focus sooner, and if diverging, as at C, the focus will be further from the 
lens than for parallel rays. 

The focus of a convex lens may be easily found by allowing the rays of 
the sun to fall perpendicularly upon one side of it, while a sheet of paper is 

14* 




322 



WELLS'S NATURAL PHILOSOPHY. 



held on the oUier. A bright ring of light will 
be observed on the paper, diminisblDg or m- 
creasing in size according to the distance of 
the paper fix>m the glass. If the former is held 
in such a manner that the ring of light is re- 
duced to a dazzling luminous point, as is rep- 
resented in Fig. 262, it is then situated in the 
focus of the glass. 

On wiMtt prin- 680. From their prop- 
^^i^^'ZrSi erty of converging par- 



Fia 261. 
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heat at the fo- 
cas of a bum- 
ing-gUiBS com- 
pare with the 
heat of the sun? 



toliiiiJSr' allel rays to a focus, 
convex lenses, like con- 
cave mirrors, may be used for the 

Fio. 262. production of high temperatures, by con- 

centrating the rays of the sun. 

The ordinary burning, or sun-glass, as is represented 
in Fig. 262, is simply a double-convex lens. By the 
employment of very large lenses, a degree of heat 
may be produced fer exceeding that of the best con- 
structed furnace.* 

In the employment of convex lenses as 
burning-glasses, the heat concentrated at the 
focus is to the common heat of the sun, as 
the area of the surface of the lens is to the 
area of the focus. 

Thus, if a lens four inches in diameter collects the sun^s rays into a focus at 
the distance of twelve inches, the focus will not be more than one tenth of an 
inch in diameter; its surface, therefore, is 1,600 times less than the surface 
of the lens, and consequently the heat will bo 1,600 times greater at the focus 
than at the lens. 

681. The properties of a concave lens are greatly dif- 
ferent from those of a convex lens. 

Bays falling upon a concave lens are so re- 
fracted in passing through it, that they diverge 
on emerging from the lens, as though they 
issued from a focus behind it. The focus, 

* A lens of this character was constructed many years since in England, three feet In 
diameter, irith a focal distance of six feet eight inches. Exposed to the heat concentrated 
in the focns of this powerful instrument, the metals were instantly melted, and even rol- 
atilized, while quartz, flint, and the most refractory earthy Buhstances, were readily 
liquefied aod oaased to holL 
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Fig. 263. 



therefore, of a concave lens is not real, but virtual, as is 
the case with a convex mirror. 

Thus, in Fig. 263, 
the parallel rays, a h 
cdCy etc., falling upon 
the double concave 
lens, L L/, are so re- 
fracted in passing 
through it, that they 
are made to diverge, 
as though proceeding 
from the point F, be- 
hind the lens. 

In a similar man- 
ner convergent rays are rendered less convergent, or even parallel 
Do convex 682. Imagcs are formed in the foci of con- 
to'^ttie^fbrraS^ vcx Icnscs iu the same way as in the foci of 
tionufimagea? concavc mirrors. 

Thus, if we take a convex lens and place behind it, at a proper distance, a 
sheet of paper, there will be depicted upon the paper beautifully clear and 
distinct images of all the objects in front of the lens, in an inverted position. 
The manner in which they are formed is illustrated hi Fig. 264. 




Fig. 264. 
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T^ -,v *v Thus, let A B 

Describe the ^ 

formation of represent an ob- 
imagea by the jg^t pj^ced be- 
convexlens. •» f^^-^^ 

fore a double 
convex lens, E F. The rays 
proceeding from A, the top of - 
the object, will be converged 
by the lens and brought to a 
focus at D, where they will 
form an image; the rays pro- 
ceeding from B, the base of the object, will also be converged and brought 
to a focus at ; and so each point of the object, A B, wiU have its corre- 
sponding image between D. In this way a complete image will be formed. 

The image formed by a convex lens will ap- 
pear inverted, because the rays of light from 
the several points of the object cross each 
other in proceeding to the corresponding points 
of the image. 

Thus, in Fipr. 264, the ray, A E, proceeding from the top of the object and 
falling obliquely upon the lens, is refracted into the course K D, and in like 
manner the ray B F is refracted in the direction F ; and as these rays cross 
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«acfa other, the image of the airow ftppean inverted. The central ray of 1^ 
proceeding ih>m the object in the direction of the axis G, and fikUisg peipes- 
dicnlarly upon the 8arfiGU» of the lens, undergoes no refractioxi, but continues 
on in a direct couraa 

The images thus formed by conyex lenses znary be read^^ 
unTfmAd^ visible by being received upon white screena, or any suitable 
eonrez lenaes objects, OF directly by the eye, when placed in a proper pos- 
b^made yrM- ^^ ^ receive the rays. 

When, by the employment of the convex lens as a burning- 
glass, we concentrate on any soitable surface, the sun^s rays to a focus, the little 
luminous spot^ or circle formed, is really an image, or picture of the sun 
itselC 

wh7 an eon. 683. Convex lenscB, as ordinarily used, are 
ITii^f^ called magnifying-glasses, because they in- 
^'■■^' crease the apparent size of the objects seen 

through them. 

The reason of this is, that the lens so alters, 
oonTO *^ieiil by refraction, the direction of the rays of light 
"**"^ proceeding from an object, that they enter the 

eye as if they came from points more distant from each 
other than is actually the case, and hence the object ap- 
pears larger, or magnified. 
,^ ^ On the contrary, the concave lens, which 

Why does » •;' . /v. xl 

SSsh *th* produces an exactly opposite effect upon the 

ajparent size rays of light, causcs the image of an object 

seen through it to appear smaller. 

On the same principles also, concave mirrors magnify, and convex mirrors 
diminish the images of objects reflected from their surfiices. 

Hence the magnifying or diminishing power 

the magnifying of Icnscs is uot, as is ofteu popularly supposed, 

powero?ksnre8? due merely to the peculiar nature of the glass of 

which they are made, but to the figure of their 

surfaces. 

The double convex lens, inclosed in a convenient setting of metal or horn, 
is extensively employed by watch-makers, engravers, etc., with whom it 
passes mider the general name of lens. 

How may con- 684. lu addition to the effect which convex 
dw dteUBtX lenses produce by magnifying the images of 
jects visible? objccts, they are also capable of rendering 
distant objects visible which would be invisible to the 
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Explain more 
fully the action 
of the convex 
lens in this re- 
spect? 



naked eye, by causing a greater number of rays of light 
proceeding from them to enter the eye. 

The light which produces vision, as will bo more fully ex- 
plained hereafter, enters the eye through a circular opening 
c^ed the pupil, which is the black circular spot surrounded 
by a colored ring, appearing in the center of the front of the 
eye. Now, as the rays of light proceeding from an object 
diverge or spread out in every direction, the number which will enter the eye 
will be limited by the size of the pupil. At a great distance from an object, 
as will be seen in Fig. 265, few rays will enter the eye ; but if, as in Fig. 266, 
we place before the eye a convex lens of moderate size, a large number of 
the diverging rays will be collected and concentrated into a single point or 
focos behind it, and thus attbrd to tlie eye occupying a proper position sujfi- 
cient light to enable it to see the distant object distinctly. 

Pia. 265. 




Fig. 266. 



In like manner a concave mirror, by causing divergent rays which fall 
upon the surfiice to become convergent, may be used to produce the same ef- 
fect, as is shown in Fig. 267. 

Pig. 267. 




SECTION III. 

THE ANALYSIS OP LIGHT. 

685. It has, up to this point, been assumed, that light is a simple substance, 
and that all its rays, or parts, are refracted in precisely the same manner, and 
therefore suffer the same changes when acted upon by transparent media. 
This, however, is not its constitution. 
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What Is the White light, as emitted from the stm, or 
wwte^?? **' f**^™ ^°y lumiuous body, is composed of seven 
different kinds of light, viz., red/ orange, yel- 
low, green, blue, indigo, and violet. 

whnt is the The seven diflferent kinds of light prodace 
orisin of Color? qqyqj^ different colors, viz., red, orange, yellow, 
green, blue, indigo, and violet. These seven colors are 
called primary colors, since by the union or mixture of 
some two or more of them, all other colors, or varieties of 
color are produced, 
now is light The separation of white light into its sev- 

•uaiyzcd? gj.j^j parts is effected by means of a prism. 
When a ray of white light is made to pass through a 
prism, each of the seven rays of which it is composed 
are refracted, or bent out of their course differently, and 
form on an opposite screen or wall an image composed of 
bands of the seven different colors. 
What is the 686. The image formed by a ray of white 

Spectrum? Jight passiug through a prism, is called the 
Solar, or Prismatic Spectrum. 

Fio. 268. 




The separation of a ray of solar light into different colored rays, by refrac- 
tion, is represented in Fig. 268. A ray of light, S A, is admitted through 
an aperture in a shutter into a darkened chamber, and caused to fall on a 
prism, P. The ray thus entering would, if allowed to pass unobstructedly, havo 
moved in a straight line to the point K, on the floor of the room, and there 



♦ THE ANALYSIS OF LIGHT. 327 

formed a circular disc of white light ; but by the interposition of the prism 
the ray spreads out in a fan-shape, and forms an oblong colored image on the 
opposite walL This image, called the solar spectrum, is divided horizontallj 
into seven colored spaces, or bands, of unequal extent, which succeed each 
other in an invariable order, viz., red, orange, yellow, green, blue, indigo, violet 

uponwhatdoea The Separation of the seven different rays 
of*irwt?'ught composing white light from one another, de- 
depend? pends entirely upon a difference in their re- 

frangibility in passing through the prism ; those which 
are refracted the least falling upon the lowest part of the 
screen, and those which are refracted the most upon the 
upper part. 

Thus the red rays, which are the least refracted, or the least turned from 
their course by the prism, always occur at the bottom of the spectrum, while 
the violet, which is the most refracted, occurs at the top ; the remaining colors 
being arranged in the intermediate space in the order of theu: refrangibility. 

What additional Thc scven different rays of light, when once 
5f The compoTi! separated and refracted by a prism, are not 
u^St ?**^ ^^** capable of being further analyzed by refraction ; 
but if by means of a convex lens they are col- 
lected together and converged to a focus, they will form 
white light. 

If the spectrum formed by a prism of glass be divided into three hundred 
and sixty parts, it is found that the red ray, or color, occupies forty-five of 
those parts, the orange twenty-seven, the yellow forty-eight, the green sixty, 
the blue sixty, the indigo forty, and the violet eighty. 

If we take a .circle of paper and paint upon it in divisions of proportionate 
size the seven colors of the spectrum, and then cause it to rotate rapidly about 
a center, the colors by combination will impart to it a white appearance.* 
From this and other experiments, therefore, it is inferred that light which we 
call colorless, or white (as that coming immediately from the sun), reaUy con- 
tains light of all possible colors so mixed as to neutralize each other. 

687. The separation of the different rays of light which 
lakes place in their passage through a prism, is designated 
by the term DispersioD. 

Explain what '^^^ Order of refrangibility of the seven different rays of 
is meant by the light, or the arrangement of the seven colors in the spec- 
er'^^dSerent *^^^"^> ^ always the same and invariable, whatever way the 
substances. prism may be turned ; the lower end of the spectrum being 

* It Is very common to find it stated In baoks of science that by mixing powders of the 
seven different colors together a white, or grayish-white compound may be produced. 
The experiment, is not, however, satisfactory. 
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red, wbich pamee upward Into orange, then into yellow, then green, bhe, 
indigo, aud violet, wbich is at the upper end. 

Dissimilar substancca, however, produce spectra of dlflferent lengths, on ac- 
count of a difference in their refi'active properties. Thus a raj of light tra- 
yersing a prism of flint-glass, will have its red aiid violet colors separated on 
a screen twice as widely as those of a ray passing through a siniilar prism 
of crown-glass. This difference is expressed by sajring tbat the dlspersire 
power of the two substances ia different, or that flint-glass has twice the dis- 
persive power of crown-glass. 
«^ _!., A As a lens may be considered as a modification of the 

Yiaj Will not ./..I \ Li.»^. 

an ordinary pnsm, it follows that when light IS refracted through a lens, 
iHjrfectlmwre? *^ ^ separated into tho difibrent colors, precisely as by a 
prism ; and as every ray contained in white light is refracted 
differently, every lens, of whatever substance made, will have a diflferent focus 
for every different color. The images, therefore, of such lenses will be moie 
or less indistinct, imd bordered with colored edges. This imperfection is 
termed chromatic aberration. 

For this reason the focus of a burning-glass, which is an optical image of 
the sun, is never perfectly distmct^ but always confused by a red, or blue bor- 
der, since the various-colored rays of which sunlight is composed, can not 
all be brought to the same focus at once. In a like mimner, if we point a 
common telescope at a blue and red hand-bill at a short distance, we shall 
have to draw out the tube of tho instrument to a greater length in order to 
read the red than the blue letters. 

^ , , ^. These fringes of color are a most serious obstacle to the 

Explain the « . 5 . , . . . ., . • i 

construction of perfection of optical mstruments, especially m astronomicaJ 

an achromatic telescopes, where great nicety of observation is required ; and 

to prepare a lens in such a way that it would refract light 

without at the same time dispersing it into colors, was long considered an im- 

possibility. 

The discovery was, however, made by Mr. Dollond, 
an Englishman, that by combining two lenses, formed 
of materials which refract light differently, the one 
might be made to counteract tho effects of the other ; on 
the same principle as by combining two metals together 
which expand imcqually, we may construct a pendu' 
\ j lum whose length never varies. 

,, \ p I Such a combination is represented in Fig. 268, where 

I I a convex lens of crown glass is united with a concave 

lens of flint glass, so as to destroy each the dispersive 
power of the other, while at the same time the refract- 
ing, or conveiging power of the convex lens is pre- 
served. A lens of this character is called Achro- 
matic,* singe it produces images in their natural 
colors. 
* Aehromatic, from a, not, and "xfittma^ color. 
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whatiaspherf- Lenscs are also subject to another imperfec- 
cai aberration? |.Jqjj^ which is Called sphcrical aberration. This 
arises from the fact that the curved surface of a lens is at 
unequal distances from the object and from the screen 
which receives the image formed at its focus ; and hence, 
if one point of the image is perfect, another point is less 
so, owing to a difference in the convergence of the rays 
coming from the center and the edges of the lens. 

Thus, if the image is received on a screen of ground glass, it will be found 
that when the picture is well defined at the center, it will be indistinct at the 
edges; but by bringing the lens nearer the screen, the edges of the image 
will be more sharply defined, but the middle is indistinct To make the im- 
age perfect, therefore, the marginal portions of the lens should be covered with 
a circlet of paper, so as to permit those rays only to pass which lie near the 
axis of the lens. This plan, however, impairs the brightness of the image. 

When the image formed by the lens is small, the effect of spherical aberration 
is scarcely noticed, and by combination of lenses of different refractive powers, 
it may be almost entirely overcome. 

688. The various rays composinff solar light 

AreaUtherays -, n i • xi. ^ • x 

ofii^htequauy are uot all cqually lummous, that is to say, 
they do not appear to the eye equally brilliant. 
The color most visible to the human eye is yellow. 

The luminous intensity of the different colored rays of light may be ex- 
pressed numerically as follows: — ^Red, 94; orange, 640; yellow, 1,000; 
green, 480; blue, 170; indigo, 31; violet, 6* 

689. According to some authorities, white solar light 
consists of only three colors — red, yellow and blue, which, 
by combining, produce the other four colors, orange, 
green, indigo and violet. 
__ , Ked, yellow, and blue, are, therefore, some- 

WliatareBome- 7 J 7 7 7 7 

times called the timcs Called tho simple colors. 

simple colors? ^ 

Thus, by the union of red and yellow, we may produce 
orange; by yellow and blue, green; by blue and red, violet; indigo being 
considered as merely a shade of blue. Red, yellow, and blue, on the contrary, 
can not be produced by the mingling of any two other colors. 

When blue and yellow powders are mixed together, blue and yellow rays 
are reflected to the eye from the minute particles, but the two colors are so 

* It would appear, from naraerous observations, that soldiers are shot dnring battle 
according to the color of their dress in the following proportion : — red, 12 ; dark green, 7 ; 
brown, 6 ; blaish gray, 6. Red is therefore tho most fatal color, and a light gray tho 
least so. 
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minj^led that the eye only notices the combined eflTect, which is green. If we 
now examine the same mixture with a microscope, the blue and yellow par- 
ticles will bo seen separately, and the green color will disappear. 

690. The natural color which an object 

Why do nat- im* i i -iti-it 

urai objectB exUiDits WDcn cxposed to the liffht, depends 

exMbit colors? ^ f X* xl. 

upon the nature and arrangement of the par- 
ticles of matter of which it is composed, and is not the re- 
sult of any quality inherent in the object itself. 

Bodies which naturally exhibit color have, by reason of 
a certain peculiar arrangement of their surfaces, or mole- 
cular structure, a greater preference for some qualities of 
licrht than for others. If the body is not transparent, it 
will reflect certain rays of light from its surface, and ap- 
pear of the color of the light it reflects ; if the body is 
transparent, it will allow only certain rays to pass through 
its structure, and will consequently appear of the color of 
the light it transmits. 

Thus a red body appears red because it reflects or transmits the red ray of 
solar light to the eye; and a yellow body appears yellow because yellow 
light is reflected or transmitted by its surface or structure more powerfully 
than light of any other color; and so on through all the colors. 

It is not, however, to be understood that colored bodies reflect or transmit 
only pure rays of one color, and perfectly absorb all others ; on the contrary, 
it has been found that a colored body reflects, in great abundance, those rays 
of light which determine its particular color, and also the other rays which 
make up white light in a greater or less degree, in proportion as they more 
or less resemble its color in the order of their refrangibility. 

. Some substances have no preference for any one quality of 

colodcM^when light more than another, but reflect or absorb them all 
^h^n'Mack?"^ equally; such are called neutral, or colorless bodies. Those 
"^ *"" ^'^ substances which reflect all the rays of light which fall upon 

them appear white ; those which absorb all the rays, appear black. 

In the dark there is no color, because there is no light to be absorbed or 
reflected, and therefore none to be decomposed. • ; 

A glass i3 called red because it allows the red rays of light to penetrate 
through a greater thickness of its substance than the other rays ; but at a cer- 
tain thickness, even the red rays would bo absorbed like the rest, and we 
should call the glass black. 

No body, unless self-luminous, can appear of a color not existing in the- 
light which it receives. This may bo proved by holding a colored body in a 
ray of light which has been refracted by a prism, when the body will appear 
of the color of the ray in which it is placed; for since it receives but one col- 
ored ray, it can reflect no other. 

/ 
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May the color 691. BjT changing the structure or molecu- 
chan^e^^^ by lar arrangement of a body, the <;olor which it 
mo&lr^^'^ exhibits may be often changed also. 

Illustrations of this principle are frequently seen in chem- 
ical compounda The iodide of mercury is a beautiful scarlet compound, which, 
when gently heated, becomes a bright yellow, and so remains when undis- 
turbed. If, however, it is touched, or scratched with a hard substance, as 
with the point of a pin, its particles turn over, or readjust themselves, and 
resume their original red color. Chameleon mineral is a solid substance pro- 
duced by fusing manganese with potash ; when dissolved in water, it changes, 
according to the amount of dilution, from green to blue and purple. Indigo 
also, spread on paper and exposed to heat, becomes red. 

692. Some bodies have the power of reflecting from their 
surfaces one color while they transmit another. 

This is the case with the precious opaL A solution of quinine in water 
containing a little sulphuric acid, is colorless and transparent to the eye look- 
ing through it, but by looking at it, it appears intensely blue. An oil ob- 
tained in the distillation of resin transmits yellow light, but reflects violet 
light Smoke reflects blue light, but transmits red light. These phenomena 
result from a peculiar action of the surface or outer layer of the substance 
of the body on some of the rays of light entering it, and have received the 
name of epipo{iCy or surface dispersion. 

Deepness of color proceeds from a deficiency, rather than from an abund- 
ance of reflected rays : thus, if a body reflects only a few of the red rays, it 
will appear of a dark red color. When a great number of rays are reflected, 
the color will appear bright and intense. 

If the objects of the material world had been illuminated only with white 
light, all the particles of which possessed the same degree of refrangibility, 
and were equally acted upon by all substances, the general appearance of 
nature would have been dull, and aU the combinations of external objects, 
and all the features of the human countenance would have exhibited no other 
f ariety than that which tliey posses in a pencil sketch or India-ink drawing. 

What are com- 693. Any two colors which are able^ by com- 
Sr?**"^^ bining, to produce white light, are termed 
complementary colors. 
Each color of the solar ray has its complementary color, 
for if it be not white, it is deficient in certain rays that 
would aid in producing white. And these absent rays 
compose its complementary color, 

Tlie relative position of complementary colors in the prismatic spectrum may- 
be determined as follows: Thus, if we take half the length of a spectrum by 
a pair of compasses, and fix one leg on any color, the other leg will fall upon 
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its oomplemcntuy color, or upon the ono which added to the first "mil pro- 
duce white lighL The coniplemcntarjr color of red is bluish green ; of 
orauge is blue ; of yellow is indigo ; of green is reddish violet ; of blue is 
orange red; of indigo is orange yellow ; of violet is yellow green j of black is 
white ; of white is black. 

Complementaiy colors may be seen by fixing the eye steadily upon any 
colored object, such as a wafer upon a sheet of white paper. A ring* of col- 
ored light will play round the wafer, and this ring will be complementary to 
the color of the wafer. A red wafer will give a green ring, a blue wafer an 
oraoge-colored ring, and so on. Or if, afi«r having regarded the colored ^vrafer 
steadily for a few moments, the eye be dosed, or turned away, it will retain 
the impression of the wafer, not in its own, but in its complementary color; 
thus a red wafer will g^ve a green ray, and so on. 

In like manner, if we look at a red hot fire for a few minutes, eveiy object 
as we turn away appears tinged with bluish green. 

The art of harmonizing and contrasting colors is intimately connected -with 
the principles of complementary colors. 

now do color* Every color placed beside another color is 
ta^li^^f changed, and appears differently from what it 
does when seen alone ; it equally modifies, 
moreover, the color with which it is in proximity. 

As a general rule, two colors will appear to the best 
advantage when one is complementary to the other. 

Thus, if a dress is composed of cloths of two colors, the one complementary 
to the other, as red and green, orange and blue, yellow and violet, they will 
mutually heighten the effect of each, and make each portion appear to the 
best advantage. For this reason, a dress composed of cloths of different 
colors, looks well for a much longer time, although worn, than one of a angle 
color, the character of the &bric being the same in both instances. 

A suit of clothes of one color can be worn to advantage only when it is 
new, because as soon as one portion of the suit loses its freshness from hav- 
ing been worn longer than another, the difference will increase by contrast 
Thus a pair of new black pantaloons worn with a vest of the same color, 
which is old and rusty, will make the tinge of the latter appear more con- 
spicuous, and at the same time the black of the pants will appear more 
brilliant White and other light-colored pantaloons would produce a contrary 
effect 

In printing letters on colored paper, the best effect will be produced when 
the color of the paper is complementary to the mk ; blue should be put upon 
orange, and red upon green. 

Stains will be less visible on a dress of different colors than on one com- 
posed of only a single color, since there exists in general a greater contrast 
among the various parts of the first-named dress, than between the stain and 
the adjacent part, and this difference renders the stain less apparent to the eye. 
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In the grouping of flowers in gardens, and in the preparation of bouquets, 
tlie most pleasing effects will be produced by placing the blue flowers next 
to the orange, and the violet next to the yellow. White, red, and pink 
flowers are never seen to greater advantage than when surrounded with green 
leaves, or white flowers ; on the. other hand, we should always separate pink 
flowers from those that are either scarlet or crimson ; orange, from orange- 
yellow flowers ; yellow flowers from greenish-yellow flowers ; blue from violet- 
blue, red from orange, pink from violet 

By grouping colors together which are not complementary, or which do not 
rightly contrast with each other, we produce a discordant effect upon the eye^ 
analogous to the discord which is produced upon the ear by instruments out of 
time. It is always neceasaiy that, if one part of the dress be highly ornamented, 
or consists of various colors, a portion should be plain, to give repose to the eye. 

Black being the complementary color of white, the effect of black drapery 
upon the color of the skin or &ce is to make it appear pale, or whiter than it 
usually is. 

The optical effect of dark and black dresses is to make the figure appear 
smaller; hence it is a suitable color for stout persons. On the contrary, white 
and light-colored dresses make persons appear larger. Large patterns or de* 
signs upon dressy make the figure appear shorter: longitudinal stripes, if not 
too wide, add to the height of the figure ; horizontal stripes have a contrary 
tendency, and are very ungraceful* 

whatisaRain- 694. The Kaiiibow is a semicircular band 
^"^^ or arch, composed of the seven different colors, 
generally exhibited upon the clouds during the occurrence 
of ^ain in sunshine. 

Hotrisarain- Tho raiubow is produccd by the refraction 
bowproducedf g^jj^j reflection of the solar rays in the drops of 
falling rain. 

• The following cnrions facts are known to persons employed in trade : — ^* When a pur- 
ehaaer has for a considerable time looked at a yellow fabric, and is then shown orange or 
scarlet stuffs, he considers them to be amaranth-red, or crimson, for there is a tendency 
in the e^e, excited by yellow, to see violet, whence all the yellow of the scarlet or orange 
cloth disappears, and the eye sees red, or red tinged with scarlet. Again, if there are 
presented to a buyer, one after another, fourteen pieces of red cloth, he will consider the 
last six or seven less beautiful than those first seen, although the pieces be identically the 
same. Now what is the cause of this error in judgment? It is that the eyes having 
seen seven or eight red pieces in succession, are in the same condition as if they had 
regarded fixedly during the same period of time a single piece of red doth; fheyhave 
then a tendency to see the complementary color of red, that is to say, green. This tend- 
ency goes, of necessity, to enfeeble the brilliancy of the red of the pieces sjsen later. In 
order that the merchant may not be the sufferer by this failing of the eyes of his cus- 
tomer, he must take care after having shown the latter seven pieces of red, to present to 
him some pieces of green cloth, to restore the eyes to their natural state. If ther sight of 
the green be sufficiently prolonged to exceed the normal state, the eyes will acquire a 
tendency to see red ; then the last seven pieces will appear more beautiful than the 
others,** -^Chevreul on Color. 
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Fig. 269. 



695. Rainbows are also fonned when the san shines upon drops of water 
falling in quantity from fountains, waterfalls, paddle-wheels, etc 

That the rainbow results from the decomposition of the solar 
rays by drops ot water, may be proved by the foUowiBg sim- 
ple experiment: — ^If we tak&a glass globe filled -vritli water, 
and suspend it at a certain height in the solar rays above the 
eye, a spectator standmg with his back to the sun will see 
the refraction and reflection of red light; i^ then, the globe be lowered 
slowly, the observer retaining his position, the red light will be replaced 
by orange, and this in its turn by yellow, and so on, the globe at dif- 
ferent heights presenting to the eye the seven primitive colors in succession. 
If now, in the place of the globe occupymg different positions, vre sub- 
stitute drops of water, we have a ready explanation of the phenomena of 
the rainbow. 

Drops of nln, suspended to grass or bushes, may be fi'equently found to 
appear to the eye of a bright red; and by slightly changing the position of the 
eye, the colors of the drop may be made to appear successively yellow, green, 
blue, violet, and also colorless. This also proves that rays of hght, idling in 
certain directions upon drops of water, are refracted thereby and decomposed 
into colored rays that become visibb to the eye when it is situated in the 
proper directbn. 

The principles of the 
formation of the rain- 
bow may be further 
illustrated by Fig. 269. 
Let AB and C be three 
drops of rain; "^ A, 
S B, and S C, three 
rays of the sun. The 
ray S A, by refraction, 
is divided into three 
colors; the blue and 
yellow are bent above 
the eye, D, and the 
red enters it 

The ray, S B, is di- 
vided into three col- 
ors ; the blue is bent above the eye, and the red faHa below the eye D, but 
the yellow enters it 

The ray, S C, is also divided into three colors. The blue (which is 
bent most) enters the eye, and the other two fall below it Thus the 
eye sees the blue of C, and of all drops in the position of 0; the 
yellow of B, and of all drops in the position of B; and the red of A, 
and of all drops in the position of A. The same may be also inferred 
respecting the other four colors of the spectrum; and thus the eye sees 
a rainbow. 
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What are the ^^^ rainbow caii be seen only when it rains, 
Sm ***?n o?dOT ^^^ ^^ ^^^^ point of the heavens which is op- 

to^ee a rain- posite tO the SUn. 

Hence a rainbow is always observed to be situated in the 
west in the morning, and in the east in the afternoon. 

It is also necessary for the production of a rainbow 
that the height of the sun above the horizon should not 
exceed forty-two degrees. 

Hence we generally observe this "phenomenon in the morning, or toward 
evening ; and it is only in the winter, when the sun stands very low, that the 
rainbow is sometimes seen at hours approaching noon. 

Is the same "^ *^® ^^^® ^^ ^^^* ^'^®^ greatly in refrangibility, only a 
rainbotr seen single and different-colored ray from each drop will reach the 
liiM?^^*^^^* ®y® ^^* spectator J but as in a shower there is a succession 

of drops in all positions relative to the eye, the eye is'en- 
abled to receive the differen^colored -pia 2*70 

rays refracted at diiferent inclina- 
tions. This is clearly illustrated in 
Fig. 2 TO, in which S represents 
rays of the sun falling upon suc- 
cessive drops, R, O, Y, G, B, I, V ; 
but a single colored ray, and a 
different one for each drop, will 
reach the eye. As no two spec- 
tators can occupy exactly the same 
position, no two can see the same 
color reflected from the same drop ; 
and consequently no two persons see the same rainbow. 

In the formation of a rainbow each colored ray reflected 
bow^c^culM?'" ^^ ^® felling drops of rain, enters the eye at a different mclin- 

ation or angle. But the several positions of those drops, 
which alone are capable of reflecting the same color at the same angle, to 
the eye constitute a circle, — and hence the bands of color which make up a 
rainbow, appear circular. 

What are pri- Two raiubows are not unfrequently observed 
STdTr^^^iiS- at the same time, the one being exterior to, 
bows? ^^^ jggg gtrongly developed than the other. 

The inner arch, which is the brightest, is called the pri- 
mary bow, and the outer, or fainter arch, the secondary 
bow. The order of colors in the inner bow is also the re- 
verse of that in the outer bow. 
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H<nr li the The inner, or primary rainbow, which is the 
^w^tMAt^' ^^® ordinarily seen, is formed by two refrac- 
tions of the solar ray, and. one reflection, the 
ray of light entering the drops fig. 271. 

at the top, and being reflected to 
the eye from the bottom. 

Thus, in Fig. 271, the ray 8 A of the pri- 
mary ratnbow strikes the drop at A, is re- 
fracted, or bent to B, the back part of the 
inner sur&ce of the drop ; it is then reflected 
to C, the lower part of the drop, when it is 
refracted again, and so bent as to come di- 
rectly to the eye of the spectator. 
How in the Bee- The socondary, or outer rainbow, is produced 
SSt'^nnJdf"' ^7 *^^ refractions of the solar ray, and two 
reflections, the ray of light entering the drops 
at the bottom, and being reflected to the eye from the top. 

Thus, in Fig. 272, the ray S B of the sec- 
ondary bow strikes the bottom of the drop 
at B, is refracted to A, is then reflected to 
C, is again reflected to D, when it is agson 
refracted or bent, till it reaches the eye of 
the spectator. 

The position and formation of the primary 
and secondary rainbows are represented in 
Kg. 273. Thus, in the formation of the prir 
mary bow, the ray of light S strikes the drop 
n at 0^ is refracted to &, reflected to ^, and 
leaving the drop at this point, is refit^ted 
to the eye of the spectator at 0. In the formation of the secondary bow, 
the ray S' strikes the drop p at the bottom at the point % is refracted to d^ 
reflected to/, and thence to e, and refracted from the top of the drop, pro- 
ceeds to the eye of the spectator at 0. 

The reason the outer bow is paler than the inner is because it is formed by 
rays which have undergone a second internal reflection, and after every re- 
flection light becomes weaker. 

What are Halos arc colorcd rays which are sometimes 

Haiosf gggj^ surrounding luminous bodies, especially 

the sun and moon. They are occasioned by the refraction 
and decomposition of light by particles of moisture, or 
crystals of ice floating in the higher regions of the atmos- 
phere, and are never seen when the sky is perfectly clear. 
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The production of halofl may be illustrated experimentally, by crystallizing 
yarious salts upon plates of glaAS, and looking through the plates at the sun, 
or a candle. A few drops of a saturated solution of alum, spread over a 
glass so as to crystallize quickly, will cover it with an imperfect crust of crys- 
tals, scarcely visible to the eye. Upon looking at a luminous body through 
the glass plate, with the smooth side next the eye, three fine haJos will be 
perceived encircling the source of light 

The fact that halos, or rings round the moon, are more frequently observed 
than solar halos, is dependent upon the circumstance that the sun^s light is 
too intense and dazzling to allow the halo to be recognized. Halos may be 
observed most frequently in the winter season, and in high northern latitudes. 

What is the 696. The beautiful crimson appearance of 

?^d*a*JpearancJ ^^^ clouds aftCF sunsct iu the westcm horizon, 

OTnriM '^"^and ^^ ^"® ^^ ^ great measure to the fact that the 

saiuetf je^i j-ayg of the solar light are less refrangible 



Fia. 214. 




than any of the 
other colored rays, 
and in conse- 
quence of this, 
they are not bent 
out of their course 
so much as the 
blue and yellow 
rays, and are the 
last to disappear. 
For the same rea- 
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son thej are the first to appear in the morning when the 
sun rises, and impart to the morning clouds red or crim- 
son colors. 

Let OB suppose, as in Fig. 274, a raj of light proceeding from the son, S, 
to enter the earth's atmosphere at the point P. The red rays, which com- 
pose in part the solar beam, being the least refrangible, or the least deviated 
from their course, will reach the eye of a spectator at the point A ; while 
the yellow and blue rajrs, being refracted to a greater degree, will reach the 
surface of the earth at the intermediate points B and 0. They will, conse- 
quently, be quite invisible from the point A. 

The red and golden appearance of the clouds at morning said evening is 
also due in part to the fact, that aqueous vapor on the point of being con- 
densed, only allows the red and yellow rays of light to pass through it For 
this reason, if the sun be viewed through a column of steam escaping from 
a boiler, it appears of a deep red, or crimson color. The same thing may be 
noticed during a drought in summer, when the air is filled with dry ezhab- 
tions. I 

What la CS*^' The irregular brilliancy of the stare, 

^^^*°"*°'' known as twinkling, is supposed to be due to | 
unequal reflections of light occasioned by inequalities and 
undulations in the atmosphere. 

How la color ^98. Light, according to the undulatoiy 
tS'^d^ato^y theory, is occasioned by the vibrations or un- 
theoryofughtf (Julatious of a Certain elastic medium diffused 
throughout all space, called Ether. Color, according to | 
this theory, depends on the number of vibrations which 
are made in a certain time ; those vibrations which are the j 
most rapid, producing upon the eye the sensation of violet, 
and those which are the slowest, the sensation of red. I 

The analogy between sound and light, according to the 
2^6*6*^^5^ undulatory theory, is perfect, even in its minutest drcum- I 
tween color and stances. When a certain number of vibrations of a musical 
murio"*'**' ^ chord are caused in a given time, we produce a required | 
sound ; as the vibrations of the chord vary from a quick to a I 
slow rate, we produce sounds sharp or grave. So with light ; if the rate at ■ 
which the ray undulates is altered, a (Afferent sensation is made upon the 
organs of vision. I 

The number of aerial vibrations per second required to produce any particu- 
lar not© in mufflc has been accurately calculated, and it is also known that i 
the ear is able to detect vibrations produdng sound, through a range com- 
mencing with 16, and reaching as far as 48,000 in a second. So also in the ^ 
case of light, the frequency of vibrations of the ether required for the produc- 



THE ANALYSIS OP LIGHT. 839 

tion of any particular color has been determined, and the length of the wavea 
corresponding to these vibrations. 

What relation The wavGs requisite to produce red are the 
th^*^ wave^° largest ; orange comes next ; then yellow, 
Sio^of^he' green, blue, indigo, and violet, succeed each 
diflEerentcjoiorB? other, the waves of each being less than the 
preceding. The rapidity of vibration is in the same order, 
the waves producing red light vibrating with the least 
rapidity, and the waves producing violet with the greatest 
rapidity. 

To produce red light it is necessary that 40,000 waves or undulations should 
be comprised within the space of a single inch, and that 480 billions of vibra- 
tions should be executed in one second of time ; while, for the production of 
violet, 60,000 waves within an inch, and 720 bilUons of vibrations per second 
are required.* 

699. As two sets of sound-waves or vibra- 

light be made tious may SO combiue as to modify or destroy 

each other, and thus produce partial or total 

silence, so two waves or vibrations of light may be made 

to interfere and produce various colors, or entire darkness. 

* It may i>erhap8 be asked, vitb something of incredulity, bow sucb a result could pos- 
sibly bave been arrived at, with any degree of scientific accuracy. The problem, how- 
ever, is not a difficult one. 

In the first place, Newton, by a series of perfectly, satisfactory and beautiful experi- 
ments, ascertained the number of waves or undulations of the different colored rays 
comprised within the space of an inch. 

Let us now suppose an object of any particular color, a red star, for example, to be 
viewed from a distance. From the star to the eye there proceeds a continuous line of 
waves ; these waves enter the pupil, and impinge upon the retina ; for each wave which 
thus strikes the retina, there will be a separate pulsation of that membrane. Its rate of 
pulsation, or the number of pulsations which it makes per second, will therefore be known. 
If we can ascertain how many luminous waves enter the eye per second. 

It has been already shown that light moves at the rate of about 200,000 miles per 
second ; it follows, that a length of ray amounting to 200,000 miles must enter the pupil 
each second ; the number of times, therefore, per second, which the retina will vibrate, 
will be the same as the number of the luminous waves contained in a ray 200,000 miles 
long. 

Let us take the case of red light In 200,000 miles there are, in round numbers, 
1,000,000,000 feet, and therefore 12,000,000,000 inches. In each of these 12,000,000,000 of 
inches there are 40,000 waves of red light In the whole length of the ray, therefore, there 
are 480,000,000,000,000 waves. Since this ray, however, enters the eye in one second, 
and the retina must pulsate once for each of these*wavcs, we arrive at the astounding 
conclusion, that when we behold a red object, the membrane of the eye trembles at the 
rate of 480,000,000,000,000 of times between every two ticks of a common clock 1 

In the same manner, the rate of pulsation of the retina corresponding to other tints of 
colors is determined ; and it is found that when violet is perceived, it trembles at the rate 
of 720,000,000,000,000 of times per second Lordlier. 
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How may tbe ^ ^® '**"^ ** *® junction of two rtreanis of w&ter, it "wiD 
1 iterfcrenceof be noticed that when the wares from each meet in the same 
^Jljj^jy*"®* state of vibration, the resulting wave will be equal to the two 
combined; iC however, one wave is half an undulation behind 
the other, the crest of one will meet the hollow of the other, and compara- 
tively smooth water will be the result So if two pencil rays of light, radiat- 
ing from two points, reach a point of interference at the same d^ree of ele- 
vation, a spot of double the luminous intensity of either will be produced; 
but if one is half a vibration behind the other, the result will be, tliat a dazk 
instead of a light spot will be apparent 

How la color The brilliant tints of soap bubbles, and thin 
fhT'^Sfcrti- plates of different transparent bodies, are ex- 
enco of light? amples of the interference of light ; for the 
undulations reflected from the first surface interfere with 
those reflected from the second, and thus produce the 
various colors. 

The yaiying play of colors exhibited by films of oil on the surface of water, 
and the iridescent appearance of mother-of-pearl, the scales of fishes, and the 
wings of some insects, are all phenomena resulting from the interference of light 

whatia double ^00. Doublc rcfractiou is a property which 
refnicstionf certain transparent substances possess, of 
causing a ray of light in passing through them to uiidergo 
two refractions ; that is, the single ray of light is divided 
into two separate rays. 



FiQ. 275. 




Tia. 276. 



A very common mineitd called " Iceland spar," 

which is a crystallized form of carbonate of lime^ la 

a remarkable example of a body possessing double 

refractmg propertiea It is usually transparent and 

colorless, and its crystals, as shown in Fig. 275, hare 

the geometrical form of a rhomb, or rhomboid ; — ^thia 

term being applied to a solid bounded by parallel 

faces, inclined to each other at an angle of 105^. 

«, X . X,. The manner hi which a crystal of 

Illustrate the _ , , ,. . , - , . . ^ . 

phtnomenonof Iceland spar divides a ray of light m- 

tion?*^ '*^'**" ^ *^^ separate portions is clearly 
shown m Fig. 276 ; in which S T 
represents a ray of lights falling upon a surface of a 
crystal of Iceland spar, A D E 0, in a perpendicular di- 
rection. Instead of passing thrcoigh without any refrac- 
tion, as it would in case it had fallen perpendicularly upon 
the sur&ce of glass, the ray is divided into two separate 
rays, the one, T O, being in the direction of the original 
ray, and the other, T E, being bent or reJBracted. The 
firs^ of these rays, or the one which foUpwg the ordinary 
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law of refraction, is called the " ordinary" ray ; the second, which follows a 
different law, is called the " extraordinary" ray. 

J. 277 ■'•^ ^® ^°^^ ^* * ^°^ object, as a 

dot, a letter, or a line, through a 
plate of glass, it appears single ; but 
if a plate of Iceland spar be sub- 
stituted, a double image will be per- 
ceived, as two dots, two letters, two 
lines, etc. This result of double re- 
jfraction is represented in Fig. 27 T. 
Crystals of many other substances, 
suoh as mica, the topaz, gypsum, etc, 

possess the property of double refraction, but not in so remarkable a degree 

as Iceland spar. 

---. . ^, In all these crystals, there are one or more directions along 

Tvnai; are tne , . , . • • i i , ■• 

axes of doable whwh objects when viewed through them appear smgle; 
refraction f ^j^gg^ directions are termed the lines, or axes of double re- 

fraction. In the case of Iceland spar, there is one axis of double refraction, 
i, e., one direction along which objects when viewed appear single ; this is in 
the direction of the line A B, Fig. 275, which joins the two obtuse three- 
sided angles. If the summits A and B be ground down and polished, no 
double refraction will occur in looking through the crystal in this direction. 
To what Is the '^^^ *^® phenomenon of double refraction is due entirely to 
phenomenon of the molecular structure of the medium through which light 
tion dae? passes, is proved by taking a cube of regularly annealed glass, 

which produces but one refracted ray, and heating it unequaUy, 
by subjecting it to pressure : a change is thereby affected in the arrangement 
of its parts, and double refraction takes place. 

What is polar- 701. When a ray of light has been reflected 
ized light? fj.Qjj^ ^jjg surface of a body under certain 
special conditions, or transmitted through certain trans- 
parent crystals, it undergoes a remarkable change in its 
properties, so that it is no longer reflected and refracted 
as before, The effect thus produced upon it has been 
called polarization, and the ray or rays of light thus af- 
fected are said to be polarized. 
What are the The name poles is given in physics in gen- 

polesofabodyf ^^.^J ^^ ^j^^ gj^^g ^^ ^^^^ ^£ ^^^ ^^^^ ^j^j^j^ 

enjoy, or have acquired any contrary properties. 

Thus, the opposite ends or sides of a magnet have contrary properties, in- 
asmuch as each attracts what the other repels. The opposite ends of an elec- 
tric or galvanic arrangement are, for like reasons, denominated poles. So also 
in the case of light, the rays which have been reflected or transmitted under 
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pccoltar oonditions are said to possess poles, because in some positions they 
can be rctlected and in others thej can not, and these positions are at right 
angles to one another. 

E uinth dis. '^^' The phenomenon of polarized light was discoTered in 
coTcryaudpbe- 1808, bj Malus, a young engineer officer of Paris. Ou one 
l!tf^ed*UsLt!^' occasion, as he was viewing through a double refracting 
prism of Iceland spar the light of the sun reflected from a glass 
window in one of the French palaces, he observed some very peculiar eflfects. 
The window accidentally stood open like a door o* its hmges at an angle of 
54^, and Malus noticed that the light reflected from this angle was entirely 
altered in its character. 

This alteratioQ in the character of the light reflected fjrom the glass Trindow, 
which was thus fiist observed by Malus, may be made dear by the following 
experiment: — Suppose we have a cylinder with a mirror at one end of it If 
we point this to the sun, and receive the image on a distant screen, vre maj 
turn thccylinder round on its axis, and the reflected ray will be found to reroivB 
constantly with it But if now, instead of receiving the ray direct from the sun, 
we allow a beam reflected firom a glass plate, at an angle of about 54^, to &11 
upon the mirror, and then be reflected on the screen, it will be found that the 
point of light will not have the same properties as that previously examined ; 
it will be altered in its degree of intensity as the cylinder turns round ; vnH 
have points where it is very bright, and others where it will entirely disap- 
pear. It is thus proved that light reflected from glass at an angle of about 
64®, has undergone some peculiar modification, or, as it has been termed, 
has become polarized. 

Certain minerals, especially those called "tourmalines," have the prop- 
erty of polarizing a ray of light transmitted through them. 

Fia. 278. If a ray of light be caused to pass through 

a thin plate of tourmaline, as c d, Fig. 278, 
in the direction of the line a 5, and be re- 
ceived upon a second plate, e / placed 
symmetrically with the first, it passes 
through both without difficulty; but if the 
second plate be turned a quarter round, as 
in the direction ^ J^ the light is totally cut ofi^ 

Howiathepoi- According to the undulatory theory, the dif- 
ught^Spiata' ference between common and polarized light 
^^ may be explained by supposing that in com- 

mon light the vibrations of the ether which produce it 
take place in every possible direction, transverse to the 
path of the ray ; but in polarized light they take place 
in only one direction, or are all in one plane. 

Thus, in the passage of a ray of light through the plate of tourmaline, 
only one set of vibrations is transmitted, while the others are absorbed. 
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Fia. 2*79. The transmitted ray, having all its vibrations in one 

^r^- d/ direction, readily passes through a second plate of 
I! I - -LLJ---^ tourmaline, the structural arrangement of which is 
C nrh''^^ jf symmetrical with that of the first; but if this ar- 
rangement be altered by turning the plate partially 
round, the vibrations are intercepted. In the same 
manner a sheet of paper, c d^ Fig. 279, may be slipped 
through a grating, a 5, its plane coinciding with the length of the bars; but 
can no longer go through wlj^n it is turned, as at e/ a quarter round. 

Light is polarized by reflection from many 
iLd%7 ?efle^ different substances, such as glass, water, air, 
substances cbouy, mothcr-of-pearl, surfaces of crystals, 
*^*"' etc., etc., provided that the light falls at a 
certain angle peculiar to each surface. This angle is 
called the polarizing angle.* 

Whatar som Since the discovery of polarized light, its principles have 

of the practical been applied to the determination of many practical results. 

JSS^dSlhf? '^^^ ^* ^^ ^^^ ^^^^^ *^^ ^ reflected light, come from 
whence it may, acquires certain properties which enable us 
to distinguish it from direct light ; and the astronomer, in this way, is en- 
abled to determine with infallible precision whether the light he Is gazing on 
(and which may have required hundreds of years to pass from its source to 
the eye), is inherent in the luminous body itself or is derived from some other 
source by reflection. It has been also ascertained by Arago that light pro- 
ceeding from incandescent bodies, as red-hot iron, glass, and liquids, under a 
certain angle, is polarized light ; but that light proceeding, under the same 
circumstances, from an inflamed gaseous substance, such as is used in street 
illumination, is always in a natural state, or impolarized. Applying these 
principles to the sun, he discovered that the light-giving substance of this 
luminary was of the nature of a gas, and not a red-hot solid or liquid body. 

In a similar manner the chemist is able to determine, by the manner in 
which light is reflected or polarized by a crystallized body, whether it has 
been adulterated by the addition of foreign substances. 

What three ^03. Solar light, in addition to the lumin- 
LlSSded' *S <>U8 principle which produces the phenomena of 
Bohirught? ^^Jqj. g^jjj^ jg ^{jg cause of vision, contains two 
other principles, viz., heat and actinism, or the chem- 
ical principle. These principles are invisible to the eye, 
and have only been discovered by their effects on other 
bodies. 

* The phenomena of polarized light are bo abstruse, and depend to bo great an extent 
on experimental illuBtration for their proper comprehenBion, that an extended descr^ 
tlon of them in an elementary work is impossible. 
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Tbe ooDfltitation of the solar taj may be compared to a bundle of three gtu^ 
one of which represents heat^ aoother light, and a third the actinic prindple. 
We know that these three prindples exiist in every ray of 
?ww ttit m! **^ ^^^ because we are able to separate them ia a great 
lar Ugfat eoo- degree from each other. Thus the luminous principle passes 
prinriplMT '^ readily through a transparent plate of alum^ but nearly all the 
beat is absorbed. Certain dark-colored bodies, on the con- 
trary, allow nearly all the beat to pass, but obstruct the light. A blue ^aa 
obstructs nearly all the light and heat of the solar ray, but allows the chem- 
ical principle to pass freely ; while a yellow glass allows li^ht and heat to 
pass, but obstructs the paaB^;e of the chemical influence. 

When we decompose a ray of solar light by 
fhTM prind. means of a prism, and throw the spectnun 
fight Aflfectod upon a screen, the luminous, the calorific, and 
^^ the actinic radiations will each assume a dif- 

ferent position. All wiD be refracted bj passing through 
the prism, but in different degrees. 

The cal(»ific» or beat radiations wiU be refracted least, and their maximum 
point will be found but slightlj thrown out of the right line which the solar 
ray would have traversed had it not been intercepted by the prism. The 
heat diminishes with much regularity on each side of this line. 

The luminous radiations are subject to a greater degree of refraction ; their 
point of maximum intensity being in the yellow ray, lying consideral^ above 
the pomt of greatest heat The light diminishes on each side <^it, producing 
orange, red, and crimson colors below the maximum point, and green, blue^ 
and violet above it 

The radialions which produce chemical action are more refran^le than 
eithw the calorific or luminous radiations, and the maximum of chemical 
power is found at that point of the spectrum where light is feeble, and where 
scarcely any heat can be detected. 

The positions in the spectrum of the heat and actinic radiations, which are 
invisible to the eye, may be found by experiment Thus, if we place a deli- 
cate thermometer in the different rays of the spectrum (§ 686, Fig. 268), it 
wiQ be found that the indigo and viclet rays scarcely affect it all, while the 
yellow ray, which is the most luminous, is inferior in heating action to the 
red ray, which, yielding but little light, possesses the greatest amount of heat 
If now, the thermometer be carried a little below and just out of the red 
ray, mto the darkened space, it will exhibit the greatest increase in tempera- 
ture, thus proving the presence of a heating ray in solar light, independent 
of the luminous ray. In a like manner, by substituting a chemically prepared 
sur^ce, as a piece of photographic paper, for the thermometer, the presence 
of a chemical ray can be proved in the darkened space at the other end of the 
spectrum, and near to the blue and violet rays, 

704. Those rays of solar light which are leas refrangible than any of the 
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visible colored rays of the spectrum, have all the properties of radiant heat 
coming from bodies of a lower temperature than 800® F. Such heat is much 
less refrangible than red light ; but if fhe temperature of the radiating body 
be increased, it emits, in addition to the rays previously emitted, others of a 
higher reirangibility, until at last some few of its rays become as refrangible 
as the least refrangible rays of light. The body then appears of the same 
color as the least refrangible rays of light, and is said to be red hot If it 
be heated more, it emits, in addition to the red, still more refrangible rays, 
viz., orange ; then (at a |iigher temperature) yellow rays are added, and so 
on, until when the body is white hot, it emits all the colors visible to us; 
and in some instances (of very intense heat), even the invisible chemical rays, 
more refrangible than the violet^ are emitted, though in less quantity than 
in the solar rays. Thus light appears to be notiiing more than visible heat, 
and heat invisible light — the constitution of the eye being such that it can 
perceive one and not the other, in the same way as the ear can appreciate 
vibrations of sound more rapid than sixteen per second, but not those which 
are less rapid. 

^^ 705. The study of the chemical prindple contained in the 

fuct has the rays of solar light has rendered probable the curious fact, that 
chemica^^Drin- ^^ substance Can be exposed to the sun's rays without un- 
cipie of light dcrgoing a chemical change ; and from numerous examples it 
evolved ? would seem that the changes in the molecular condition of 

bodies which sunlight effects during the daytime, is made up during the 
hours of night, when the action is no longer influencing them. Thus dark- 
ness appears to be essential to the healthy condition of all organized and un- 
organized forms of matter. 

Upon what does The procGss of forming Daguerreotype and 
ofphSto^^^phte other photographic pictures, depends solely 
pictures depend? ^p^j^ ^j^^ actinic, or chemical influence of the 
solar ray. 

The term " photography," signifying light drawing, which is the general 
name given to this art, is unfortunate and ill-chosen, for not only does light 
not exercise any influence «i producing the pictures, but it tends to destroy 
them. 

What are th ^^® essential steps of the process of formmg a Daguerre- 

essential steps otype picture consist in coating a suitable plate of metal with 
guerr^type'^*" ^^^^ chemical compound easily affected by the action of the 
process? solarray. Such a coating is usually a compound of the ele- 

mentary body Iodine, The plate is then exposed to the image 
formed by the lens of a camera obscura. Relatively, the quantity of light and 
actinism reflected from any object are the same ; therefore as the light and 
shadows of the luminous image vary, so will the power of producing change 
upon the plate vary, and the result will be the production of an image which 
will be a faithful copy of nature, with reversed lights and shadows ; the 
lights darkening the plate, while the shadows preserve it white, or unaltered. 

16* 
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If the plate were then left without further care, the image formed would 
800Q &de awa^, and leave no trace on its surface. In practice, the plate is 
not exposed to the influence of light sufficientlj long to form upon its sur- 
face an image visible to the eye, but the picture is developed, or brougrht oat 
and rendered permanent bj exposure to tiie vapor of mercuiy. This metal, 
in a state of very fine division, is condensed upon and adheres to those por- 
tions of the surf^ of the plate which have been subjected to the inSnenco 
of the chemical action. Where the shadows are deep, there is scarcely a 
trace of mercury ; but where the lights are strong, the metallic dust is de- 
posited of considerable thickness. This deposition of mercuiy essentiallj com- 
pletes and fixes the picture. 

The reason why the vapor of mercury attaches itself only to those porticms 
of the plate which have been affected by the chemical influence of light is not 
definitely known: in aU probability, we have involved the action of several 
forces. It is not, however, necessary that a surfiEtce should be chemically pre- 
pared to exhibit these lesulta A polished plate of metal, a piece of marble^ 
of glass, or even wood, when partially exposed to the action of ligbt^ will, 
when breathed upon, or presented to the action of mercurial vapor, show that 
a disturbance has been produced upon the portions which were illuminated ; 
whereas no change can be detected upon the parts kept in the dark. 

That the luminous principle is not necessary for the success 
What ^^^'r of the photographic process, may be proved by the experi- 
ihat light ifl ment of taking a daguerreotype in absolute darkness. This 
fOT tlwIproduZ can be accomplished in the following manner : — A large pris- 
tion of a pho-* matic spectrum is thrown upon a lens fitted into one side of a 
Jj^JP '*" dark chamber; and as the actinic power resides in great ac- 
tivity at a point beyond the violet ray, where there is no light, 
the only rays allowed to pass the lens into the chamber are those beyond the 
limit of coloration, and non-luminous ; these are directed upon any object, and 
from that object radiated upon a highly sensitive photographic surfece. In 
this way a picttSre may be formed by radiations which produce no effect upon 
the eye. 

.^^ . - 706. There are many reasons for supposing that each of the 

do the three three principles, light, heat, and actinism, included in the solar 
th*°^iar rav ^^^^ exercise a distinct and peculiar influence upon vegeta- 
cxert on vege- tion. Thus the luminous principle controls the growth and 
****°°* coloration of plants, the calorific principle their ripening and 

finictification, and the chemical principle the germination of seeds. Seeds 
which ordinarily require ten or twelve days for germination, will germinate 
under a blue glass in two or three. The reason of this is, that the blue glass 
permits the chemical principle of light to pass freely, but excludes, in a great 
measure, the heat and the light. On the contrary, it is nearly impossible to 
make seeds germinate under a yellow glass, because it excludes nearly all 
the chemical influence of the solar ray. 
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THB ETX. AND THE PHENOMENA OF VISION. 



If an opening 
be made in the 
side of a dark 
chamber how- 
will images of 
external ob- 
jects be repre- 
sented i 



Tot. If we make a small aperture through the shutter of a 
darkened room, the images of external objects will be pic- 
tured indistinctly, and in an inverted position, upon the op- 
posite walL The reason of this will appear evident fix)m an 
inspection of Fig. 280. It will be seen that the rays of light 
diverging from the top and bottom of the object cross each 
other in passing through the aperture, and consequently form an inverted 
imaga This image is rendered more distinct with a small aperture than with 
a large one, since, in the first case, the rays which proceed from any particu- 
lar part of the object fall only upon the corresponding part of the image, and 
are not scattered indiscriminately over the whole picture, as they would be 
if the aperture was larger. 

Fia. 280. 




Describe the ^^ ^^ *^® place of the room with an aperture in the shutter, 

construction of we substitute a dark box, with a double-convex lens fitted 
Obscura.*"^^™ ^^ ^^® ^^®» ^ picture will be formed on the opposite side of 
the box, or upon a screen placed ^t the focal distance of the 
lens. This picture will represent, with great beauty and distinctness, whatever 
18 in front of the lens, all the objects having their proper relations of light and 
shadow, and their proper colors. Such an apparatus is called a Camera 
Obscura. 

Fig. 281 represents the ordinary construction of the camera obscura. It 
consists of a wooden rectangular box, into which the rays of the light penetrate 
through a convex lens placed at the termination of the tube B. These rays, 
if unobstructed, will form an image upon the opposite side of the box 0, but 
if they are received upon a mirror, M, inclined at an angle of 45°, their direc- 
tion is changed, and the image will be formed upon a screen, or plate of 
ground glass, N, placed at the top of the box. By placing upon this screen a 
sheet of tracing paper, the outlines of the image may be readily copied. 
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Such a modificutioa of the camera is very convenient for artists and trarelen 
ia sketching landsof^pefl^ eta 

FlQ. 281. 




How does the '^OS. The Dfiechanical arrangement of the 
tie "cZe» ®y® 1^ ^^^ ^^^ *^® higher animals is the same 
obscura? ^^ |.jjg^|. ^f ^j^^ camera obscura, being simply a 

double-convex lens, fitted into one side of a spherical 
chamber, through which the rays of light pass to form an 
inverted picture upon the back of the chamber.* 
What is the ^^ man, the organs of vision consist of two 
Se^JfthHye l^oUow sphcrcs, cach about an inch in diam- 
in man ? ^^^ j.^ filled with Certain transparent liq[uids, and 

deposited in cavities of suitable magnitude and form, in 
the upper part of the front of the head on each side of 
the nose. 

The sphere of the eye, or the eye-ball, is 
moved in its socket by muscles attached to 
different points of its surface, so that it is 
capable of being moved within certain limits 
in every direction. 

* This may be proved by taking the eye of a recently-killed bullock and cutting^ a BmaH 
hole in the upper part of the ball, looking into the interior. 



How are we 
enabled to 
move the eye 
in different di- 
rections? 
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Fia 282. The arrangement of Uicse 

muscles is shown in l«1g. 282, 
where the external bones of 
the temple are supposed to bo 
removed in order to render 
them visible. The musde, 1, 
raises the eyelid, and is con- 
stantly in action while we are 
awake. During sleep, the 
muscle being In repose and 
relaxed, the eye-lid ialls and 
protects the eye from the ac- 
-10 tion of light. The muscle, 4, 
turns the eye upward; 5, 
downward; 6, outward; and 
a corresponding one on the in- 
side, not seen in the figure, 
turns it inward. Nos. 2 and 
10 turn the eye round its axis. 

Of what parts '^^^ ^^^ coDsists essentially of four coats, or 
^^ttie vo membranes, called the Sclerotic coat, the 
Choroid coat, the Cornea, and the Ketina ; 
and these coats inclose three transparent liquids, called hu- 
mors — the Aqueous humor, the Vitreous humor, and the 
Crystalline humor, the last of which has the form of a lens. 
Describe the The Sclcrotic coat is the external coat of the 
sderotiocoat. ^^^^ ^^^ ^^^ ^^^ ^p^^^ wUch the maintenance 

of the form of the eye chiefly depends. 

It is a strong, tough 




membrane, and to it the 
muscles which move the 
eye are attached. It cov- 
ers about four fifths of the 
external surface of the 
eye-ball, leaving, however, 
two circular openings, one 
before and the other be- 
hind the eye. Its position 
is shown at t, Fig. 283. 

What is the Tho 

^^'"^^^ Cornea 

is the clear, trans- 
parent coat which 



Fia. 283. 
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fonns the front of the eye-balL It is firmly united to, or 
fixed in the sclerotic coat^ like the glass in the case of a 
watch. 

The Cornea is rep ro ee nto d at a. Fig. 283. 
•vHiat I. iha ^^® Choroid coat is a delicate membrane. 
Choroid cofttf iiQiiig the inner surface of the sclerotic coat, 
and covered on the interior with a black pigment 

It is represented at A;, Fig. 283. 

What la the ^^^ Bctina is a delicate, transparent mem- 
»•«»»' brane which spreads over the chief part of the 
internal surface of the eye-ball, and is situated imme- 
diately within and close to the choroid coat. 

The position of the Betinais shown at m, Fig. 283. 

Hoiriflthere. The retina is formed by the expansion of a 
tina formed? nervo Called the optic nerve, which proceeds 
from the back of the eye through the bones of the skull 
into the brain, and conveys to the brain the impressions 
made by external objects on the organs of vision. If this 
nerve were divided, notwithstanding the eye might be in 
other respects perfect, the sense of sight would be de- 
stroyed. 

No. 11, Fig. 282, and n, Fig. 283, exhibit the relatiye position of the 

optic nerve. 

What is the ^^ looking into the eye from without, we 
^•^ perceive a flat, circular membrane, which, in 

different eyes, is of a black, blue, or gray color. This 
membrane is called the Iris, and divides the eye into two 
very unequal portions. 

The Iria is represented aXcd^ Fig. 283. 

The Pupil of the eye is the circular black 
pupti of the opening in the center of the iris, and is the 
^^^^ space through which light is admitted into 

the interior of the eye. 

The open space between c and d. Fig. 283, represents the pupil It is, 
properly speaking, the window of the eye, and appears black, only because 
the chamber within and behind it is dark. When a small quantity of light 
enters the eye the pupil widens or expands; but when a large quantity entersi 
*^ dosee or eontracta. 
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The two parts into which the iris divides the eye are 
called the anterior and posterior chambers. 
What are the ^hc anterior chamber, or the space before 
XSSS hu'i *^® i™; ^s Wlq^ with a fluid resembling pure 
mors? water, and therefore called the aqueous hu- 

mor ; and the posterior chamber, or the space behind the 
iris, is filled with a thick liquid, somewhat resembling the 
white of an egg, called the vitreous humor. 

In fig. 283, h e represents the aqueous humor, and h the vitreous humor, 
this last occupying all the interior of the chamber of the eye. 

The crystalline lens is composed of a more solid sub- 
stance than either the aqueous or vitreous humor. It is 
inclosed within a transparent bag, or capsule, having the 
form of a double-convex lens, and is suspended imme- 
diately behind the iris, and between the aqueous and 
vitreous humors. 

Its form and position are represented at/, Fig. 283. 

How do we by 709. Rays of light proceeding from an ob- 
tol e^°%?- J®^* ^^^ entering the eye, are refracted by the 
ceive oidecta? comca aud Crystalline lens, and made to con- 
verge to a focus at the back of the eye, and form an 
image upon the retina. This image, by producing a sen- 
sation upon the optic nerve, conveys in some unknown 
way to the mind a perception and knowledge of the ex- 
ternal object. 

Fig. 284 represents the manner in ^S* 284. 

which the image is formed upon the 
retina in the perfect eye. The curva- 
ture of the cornea, 8 s, and of the 
crystalline lens, c c, is just sufficient 
to cause the rays of light proceeding 
from the image, I T, to converge to 
the right focus, m m, upon the retina. 

When does dig- Distioct visiou cau only take place in the 
^ucLV^******^* ®y® ^^^^ ^^^ cornea and crystalline lens have 
such convexities as to bring the rays of light 
proceeding from an object to an exact focus upon the 
retina. 
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enabled to we 
obJecU dis- 
tinctly at dtffer. 
estdktaiiaesV 



FlQ. 286. 



Am the nys of light prooeedlng from distant objects enter 
the eye at different angles, thej will naturallj- tend to meet 
at different foci after refraction hy the crystalline lens, and 
thus form indistinct imagea This is remedied by a power 
which the eye poasesses of adapting itself to the direction of 
the light proceeding from yarioua distances, so that in the healthy eye, rajs 
coming from near and distant objects are all equally converged to a focus oa. 
the same point of the retina. How the eye effects this is not certainly known, 
but it is supposed to be by increasing or diminishing the sphericity of the 
crystalline lens and cornea. 

wbat ia the A person is said to be near-sighted when 
SSJtoA^tiT" ^^^ curvature of the cornea and crj-stalline 
lens is so great, that the rays of light which 
form the image are brought to a focus before they reach 
the retina, or the back part of the eye. The object, there- 
fore, is not distinctly seen. 
Fig. 285 represents the manner 
in which the image is formed in 
the eye of a near-sighted person. 
The curvature of the cornea, a s, 
and of the crystalline lens, c c, is 
so great that the image is formed 
at m m, in advance of the re- 
tina 

How is short- Short-sigbtedness is remedied either by holding the object 
BightedneM nearer to the eye, or by the employment of spectacles the 

remedied f glasses of which are concave lenses. In both cases the rays 

proceeding from the object enter the eye with a greater degree of divergence, 
and therefore do not converge so soon to a focus. 

„^ ^ , ^^ A person is said to be far-sighted when, on 

What is the n n . /• 1 11 

cfttiw of far- account of a nattenin«: of the cornea and the 
crystalline lens, the rays of light do not con- 
verge sufficiently to form a distinct image upon the retina. 

Fig. 286, represents the manner 
in which the image is formed in 
the eye, when the cornea or crys- 
talline lens is flattened. The per- 
fect image would be produced at 
m m, behind the retina, and, of 
course, beyond the point* necessary 
to secure distinct vision. 
How. may long. Loupf-sightedness may bo remedied by the employment of 
?^edied?* ^* spectacles, the glasses of v/bich are convex lenses. These^ by 




Fio. 286. 
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increasing the convergence of rays of light passing through them, bring them 
sooner to a focus in the eye, and thus produce the image upon the right point 
of the retina.* 

Most persons of ad^^nced age are troubled with long-sightedness, and are 
r^MiiAiii—fcaMatafltoiU, .Bha mngn*" ^f thin ifi that pgJ2;^ 
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I distance, 
» ft/t y uma t. 'ma mw w m mt mpmu n ujr mwmm oi a muscle ia 
tbo eye, which permits them to flatten the cornea h7 drawing back the crystalline lens ; 
and to enable them to perceive distinctly very near objects, their eyes are furnished with 
a flexible bony rim, by which the cornea is thrown forward at will, and the eye thus ren- 
dered near-sighted. 
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Hoirma don Doublc visioii may be produced by pressing 

bio viMoii bJ Blmhtly from the side upou the ball of either 

produced.' *=* /.. . . i • i r- 

eye while viewmg an object ; the pressure of 
the finger prevents the ball of one eye from following the 
motion of the other, and the axis of vision in each eye 
being rendered different, we see two images. 

Strabismus, or squinting, is caused by the inability of one eye to follow the 
motions of the other, and persons so affected always see double ; practice^ 
however, gives them power of attending to the sensation of only one eye at a 
time. 

It is ftom this inability of the eye to fix its optical axis that drunkards see 
double. 

How do w '^^^' ^® J^^lg® o^ *^® distance and size of 
jadge of tbo an object by the relative direction of L'nes 

distance and _ •' _ 11. 1 -""^o 

Bise of an ob- drawn from the object to the eye, and by the 
angle which the intersection of these lines 
makes with the eye* This angle is called the angle of 
vision. 

Fig. 287. 
1 




::|te=.^ 



The student will bear in mind that an angle is simply the 

Mrieof visioiL inclination of two lines without any regard to their length. 

Thus, in Fig. 287, the lines drawn from A and B, C and D, 

which may be supposed to represent rays of light, meet at the eye, and form 

an angle at the point of intersection. This angle is the angle of vision. 

If A B, Fig. 287, represent a man on a distant mountain, or on a church 
steeple, and C D a crow dose by, the angle formed by the inclination of the 
lines proceedmg from the two objects will be equal, or the line A B, which Is 
the height of the man, will subtend the same angle as the line C D, which is 
the height of the crow; and therefore the man appears at such a distance no 
larger tlian a crow. 

n ifl til "^^ nearer an object is to the eye, the greater must be the 

angle of yision inclination of the linos drawn from its extremities to intersect 

distant ! ^^ *°^ ^*^^™ ^^ angle at the eye, and consequently the greater 

will belts angle of vision. On the contrary, the more remote 
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an object is from the eye, the leas will be the inclination of the lines, and the 
less the angle of vision. The nearer an object is to the eye, therefore, the 
larger it will appear. 

Fia. 288. 




Thus the trees and houses &r down a street or avenue appear smaller than 
those near by and the size of a vessel seen at sea diminishes with the increase 
of distance, as is shown in Fig. 288. The moon, on account of its proximity, 
appears much larger than any of the stars or planets, although it is, in &ct, 
very much smaller. 

Fia. 289. 

A 




Let A B, Fig. 289, represent a planet, and D the moon. The angle of 
vision which the planet A B makes with the eye at Gr, is evidently less than 
the angle which the moon subtends at the same point. To a spectator at G-, 
therefore, A B, though much the larger body, will appear no larger than 
E F J whereas the moon, D, will appear as large as the hne C D. 

When will an ''^12. When ail object is so remote, or so 
object appear gmall, that lincs drawii from its extremities 

as a mere J 

point? fQj.in no appreciable angle at the eye, the ob- 

ject appears as a mere speck or point. 
How Bmaii an ^hc eyc, with an ordinary amount of light, 
to ufe^I^?^** can see an object which occupies in the field 
of view a space of only the sixtieth of .a de- 
gree (or one minute). 

This space is about the 100th of an inch in a circle of twelve inches diameter, 
the eye being supposed to be in the center of the circle. Now a body smaller 
than this at six inches from the eye, or any thing, however large, placed so 
far from the eye as to occupy in the field of view less spdbe than this, is invis- 
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ible to ordinary sight. At four miles off, a man becomes thus InTisible, and 
a pin*head near by will hide a house on a distant hill* 

wb.t do ire '^^^' When we say we see an object, we 
SJ^r^iS IS niean that the mind is taking cognizance of a 
oiject? picture or image of the object formed on the 

retina. The manner in which the sensation is conveyed 
by the optic nerve to the brain, and a knowledge of the 
external object imparted to the mind, is entirelj un- 
known. 

DoM th Mnn "^ ^* pictoiei OT image on the retina^ is fonned on a com- 
of liffht giTo paratiyelj flat sorfaoe, the sense of sight can not of itself af- 
oe^OToffom^ ford any immediate perception of the distance, size, or position 
gixe, podtioD, of external objects. This knowledge we gain by experience 
*^ ' derived firom continued observation, and fix)m the other senses 

A yoong child has no conception of distance, and grasps at the moon as if 
it were an object inmiediately within its reach. Persons bom blind and re- 
stored to sight by surgical operations, altiiough able to see distmctiy, can not 
properly comprehend any object or prospect before them. ^^ I see men as 
trees walking," said the man bom blind when restored to sght Individuals 
thus situated acquire the correct sense of vision only by degrees, like in&nts, 
and it is by experience that they learn to walk about among the objects 
around them, without the continual apprehension of striking themselves 
against every thing they behold. 

What is p»r. Pcrspective is the name given to that science 
specttrer which tcachcs how to draw on a plane surface 
true pictures of objects as thej appear to the eye from aay 
distance and in any position. 

The sldll of the artist consists in rightly applying the laws and prmdples 
of perspective ; and a picture is perfect to the extent in which it agrees with 
our experience of the objects it represents. 

714. Many optical and mental delusions are occasioned 

in estimating the size, figure, and position of objects, by 

• ** The smaneit particle of % irtaite gnbtteiMe dlstingaisliable by fiie naked eye upon a 
black groand, or of a black sabBtance upon a white ground, is about the l-400th of an 
inch square. It is possible, by the closest attention, and by the most favorable direction 
of light, to recognise particles that are only l-5i0th of an inch square, but without any 
sharpness or certainty. But particles which stroi^ly reflect light may be seen when not 
half the sise of the least of the foregoing : thus, gold dust of the fineness of l-1125th of an 
inch may be discerned by the naked eye in common daylight When partides that can 
not be distinguished by themselves with the naked eye are placed in a row, they become 
visible ; and hence the delicacy of vision is greater for lines than for single partidea 
Thus, opaque threads of no more than l-490(Hh of an inch across, or about half the diam- 
eter of the silkworm^s fiber, may be discerned with the naked eye when they are held 
toward the light**— i>ri Carptnter, 
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ail erroneous application of the experience which in ordi- 
nary cases supplies true and accurate conclusions. 

_ Thus, to most persons a conflagration at night, however 

Why do we _. . ' .„ I? , ^7^ « ., . 

niisjudge the distant, appears as if very near. The explanation of this mis- 
distance of a ^j^Q |g j^ follows: — ^Light radiating from a center rapidly 
night ? weakens as the distance from the center increases, being, for 

instance, only one fourth part as intense at double the dis- 
tance. The eye learns to make these allowances^ and by the clearness and 
intensity of the light proceeding from the object, judges with considerable ac- 
curacy of the comparative distance. But a fire at night appears uncommonly 
brilliant, and therefore seems near. 

The evening-star rising over a hill-top, appears as if situated directly over 
the top of the eminence. The reason of this also is, that in judging we make 
brightness and clearness to depend on contiguity, as it ordinarily does; and 
aa the star is bright, we unconsciously think it near us. 
__- . , In consequence of terrestrial objects being placed in close 

and moon ap- comparison, the sun and moon appear larger at their rising 
when risiM and *^^ setting than at any other time. This illusion is wholly a 
setting than at mental one, since the organs of vision do not present to us a 
other times? larger image of the sun or moon in the horizon than when in 
the zenith, or overhead. 

Wh d th ■ "^^^ moon, although a sphere, appears to be a flat surface, 

moon, a sphere, since it IS SO remote that we are unable .to distinguish any 

Satl^rfaTO^ * difference between the length of the rays reflected from the 

circumference, and those reflected from the center. 

Thus the rays A D and C B, Fig. 290, appear to be no longer than the ray 

B D ; but if all the rays seem 
JJIO. 290. ^^ ^^ ^^^ length, the part B 

I will not seem to be nearer to 
us than A and C ; and there- 
fore the curve ABC will look 

like a flat, or horizontal surface. The rays A D and D are 240,000 miles 

long. The ray B D is 238,910 miles long. 

.^^^^ ^^ 715. In order that the eye may see distinctly, 
leSfo7dteI the picture formed upon the retina must be^ 
tinct vision? illuminated to the right degree, and it must 
also remain sufficiently long upon the retina to produce a 
sensation upon the optic nerve. 

The image of an object on the retina may be illuminated too much or too 
little to produce a sensible perception of its form. Thus, we can gain no idea 
of the form of the sun by viewing it in the dear sky, because the degree of 
illumination is so great, that the sense of vision is overpowered, just as sounds 
are sometimes so intense as to be deafening. That it is the intense splendor 
alone which prevents a distinct perception of the sun's figure, is rendered 
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erident by the &ct that when a portion of the light is cut off by a colored 
glass, or a thin cloud, the image of the sun is seen distinctly. On the con- 
trary, we fail to perceive many stars at night, because the images they pro- 
duce on the retina are too feintly illuminated to produce sensation. That 
some Ught from such stars actually enters the eye, is proved by the fact that 
if we place a lens before the eye, and collect a greater quantity of their light 
upon the retina, they at once become visible. ' 

Can the eye ^^^ ^7® possesses a limited power of accom- 
SJfelLllmi- modating itself to various degrees of iUumi- 
"^^^^'^^ nation. In the dark, the pupil of the eye 
enlarges its opening, and allows a greater number of rays 
to fall upon the retina ; in the light, the pupil contracts 
in proportion to the intensity of the illumination, and 
diminishes the number of rays falling upon the retina. 

Why in Bolne "^^^ change does not take place instantaneously. When 
from the lig^t we leave a brilliantly illuminated apartment at night and go 
Sr*we**find^^t ^^^ *^® ^^^ street, wo are unable for a few moments to see 
difficult at first any thing distinctly. The reason of this is, that the pupil of 
thing?* *°^ *^® ®y®j which has become contracted in the light, is unable 
to collect sufficient rays from the objects in the dark to see 
them distinctly. In a few moments, however, the pupil dilates, allows more 
rays to pass through its aperture, and we see more distinctly. The reverse 
of this takes place when we go from the dark into the light. Cats, owls, and 
some other animals are able to see distinctly in the dark, because they have 
-the power of enlarging the pupils of their eyes so as to collect the scattered 
rays of light. 

Every impression made by light remains for a certain length of time on 
the retina of the eye, according to the intensity of its effects, and a measur- 
able period is necessary to produce a sensation. 

What facto ^® ^® Unable, when riding rapidly on a railroad, to count 
prove the con- the posts of an adjoining fence, because the light from each 

image upon the P^^* ^^^ ^P°^ *^® ^^^ ^ ^^^ '"^P^^ succession, that the dif- 
retina aEer the ferent images become confused and blended, and we do not 
appeared" obtain a distinct vision of the particular parts. 

If we rotate a stick, lighted at one end, somewhat rapidly, 
it seems to produce a complete circle of fire ; the reason of this is, that the 
eye retains the image of any bright object for some little time after the object 
is withdrawn ; and as the light of the stick returns to each particular point of 
its path before the image previously formed has &ded from the retina^ it seems 
to form a complete circle of fira 

Wh is it D t ^^ continuance of the impression of external objects on 
dark when we the retina after the light proceedmg from them has ceased to 
^^°^ ^ act, is the reason also why we are not sensible of darknesg 

when we wink. 
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The apparent motion of certain colored figores in worsted work, known by 
the name of the '^ dancing mice," is due to the fact that when the sur&ce 
is moved in a particular direction, as from side to side, the impression of the 
color on the retina remains for an appreciable interval after the figures have 
moved, and this gives to them an apparent motion. This effect will not^* 
however, take place unless the colors of the figures and the ground-work are 
very brilliant and complementary of each other, as red upon a green ground. 

whM»i8moti<m 716. No motion is perceptible to the eye 
to Set;^?^'' which has a less apparent velocity than one 
degree per minute. 

It is for this reason that the motions of the heavenly bodies are invisible, not- 
withstanding their immense velocity. The apparent motion of the sun, moon, 
and stars, owing to the revolution of the earth, is one quarter of a degree a 
minute ; but if the earth revolved on its axis in six hours instead of twentyr 
four, then the celestial bodies would have a motion of one degree per minute, 
and their movements would be distinctiy perceptibla 

For the same reason, the motions of the hands of a dock are not per- 
ceptible to the eye. 

On the contrary, when a body moves with such rapidity tcom one position 
to another, that its image does not remain long enough upon one point of the 
retina to sufficiently impress it, it becomes invisible. Hence it is that a 
ball discharged from a cannon, and passing transversely across the eye, is not 



now is appa- Apparent motion is affected hy distance, and 
t^i^Th^d^ the motion of a body which is visible at one 
**°*'®' distance may be invisible at another, inasmuch 

as the angular velocity will be increased as the distance is 
diminished. 

Thus, if an object at a distance of 57^ feet from the eye move at the rate 
of a foot per second, it will appear to move at the rate of one degree per 
second, inasmuch as a line one foot long at 57^ feet distance subtends an 
angle of one degree. Now if the eye be removed from such an object to a 
distance of 115 feet, the apparent motion will be half a degree, or thirty min- 
utes per second ; and if it be removed to thirty times that distance, the ap- 
parent motion will be thirty times slower. Or i^ on the other hand, the eye 
be brought nearer to the object, the apparent motion wiU be accelerated iu 
exactly the same proportion as the distance of the eye is diminished. 

A cannon-ball moving at 1,000 miles an hour transversely to the line of 
vision, and at a distance of fifty yards from the eye, will be invisible, since it 
will not remain a sufficient time in any one position to produce perception. 
The moon, however, moving with more than double the velocity of the can- 
non-ball, being at a distance of 240,000 miles, has an apparent motion so slow 
aa to be imperceptible to the unassisted eye. 
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portable ou 
enobiennL 
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Fig. 29L 
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717. The portable camera obacara, such as is ordinarily 
used for photographic purposes, consists of a pair of achro* 
matic double convex lenses, set in a brass mounting (see Fig. 
291), into a box consisting of two parts, one of which 
slides within the other. The total length of the box is 
adjusted to suit the fbcal distance of the lens. In the 
back of the box, which can be opened, there is a square 
piece of ground glass which receives the images of the 



''■■'■■■■■■ 1 1 ''^ objects to which the lens is directed, and by sliding the 
movable part of the box in or out, the 

ground glass can be brought to the ^^' 292. 

precise focus. The interior of the box 
is blackened all over to extinguish 
any stray light 

The appearance of the camera as 
described is represented by Fig. 292. 

What are BpM- 718. SpectO- 

***^*' cles consist of 
two glass or crystal lenses, 
of such a character as to 

remedy the defects of vision yi imperfect eyes, — ^mounted 
in a frame so as to be conveniently supported before the 




What are the 



Spectacles are of two kinds, namely those 
t^r't^Tiietiea with convcx glasses, which magnify objects, 
or bring their images nearer to the eyes ; 
and those with concave glasses, which diminish the ap- 
parent size of objects, or extend the limits of distinct 
vision. 

Some persons, in order to protect the eye from excessive light, use blue 
glasses as spectacles; they are, however, more mischievous than usefiil, sinoe 
they absorb different parts of the spectrum unequally, and transmit the Violet 
and blue rays. 

whatifl a Mi- 719. A Microscope is any instrument which 

croscope? magnifies the images of minute objects, and 

enables us to see them with greater distinctness. This 

result is produced by enlarging the angle of vision under 
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which the object is seen — since the apparent magnitude 
of every body increases or diminishes with the size of this 
angle. 

Microscopes are of two kinds — simple and compound. 
What are the ^^ *^® simpIc microscopo, the object under 
two varieties examination is viewed directly, either by a 

ef microscopes? , . , "^ 

Simple or compound converging lens. 
In the compound microscope, an optical image of the 
object, produced upon an enlarged scale, is thus viewed. 

The simple microscope is generally a simple conivex lens, in the ibcas of 

which the object to be examined 
is placed. Little spheres of glass, 
formed by meltmg glass threads 
in the flame of a candle, form 
very powerful microscopes. 

Fig. 293 represents the mag* 
nifying principle of the micro- 
scope. An eye at E would see 
the arrow A B, under the visual 
angle A E B ; but when the 
lens, F F' is interposed, it ia 
seen under the visual angle at 
A' E B', and henoe it appears 



Fig. 293. 




much enlarged, as shown in the image A' B'. 

Fig. 294 represents the most im- 
proved form of mounting a simple 
microscope. A horizontal support, 
capable of being elevated or depressed 
by means of a screw and ratch-work, 
D, sustains a double-convex lens, A. 
The object to be viewed is placed 
upon a piece of glass, 0, upon a stand- 
ard, B, immediately below the lens. 
As it is desirable that the object to 
be magnified should be strongly 
illuminated, a concave mirror of glass, 
If, is placed at the base of the instru- 
ment, inclined at such an angle as to 
reflect the rays of light which fell 
upon it directly upon the object 

What to the 720.TheOom- 
Se'Su".^' pound Micro- 
Micto«opef Bcopejinitsinost 



FlO. 294 
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simple form, consists of two lenses, so arranged that 
the second lens magnifies the image formed by the first 
lens, or simple microscope. In this waj the image of 



the object 
itself. 



is examined by the eye, and not the object 



Hoir are the 
lenses of a 
oompoand mi- 
croscope design 
if 



natedf 



The first of these lenses is called the object- 
glass, or objective, since it is always directed 
immediately to the object, which is placed 
very near it ; and the latter the eye-glass, or 
eye-piece, inasmuch as the eye of the observer is applied 
to it to view the magnified image of the object. 

Fig. 295. 




Fig. 295 illustrates the magnifying principle of the compound microsoox>e. 
O represents the object-glass placed near the objert to be viewed, A B, and 
G, the eye-glass placed near the eyo of the observer, E. The object-glass, O, 
presents a magnified and inverted image, a 6, of the object at the focus of the 
eye-glass, Gr. The image thus formed, by means of the second lens or eye- 
glass, G, is magnified and brought to the eye at E, so as to appear under the 
enlarged visual angle, A' E B'. If we suppose the object-glass, 0, to have a 
magnifying power of 25 — ^that is, if the image a h equals 25 A B, and the 
eye-glass, G, to have a magnifying power of 4 — then the total magnifying 
power of the microscope will be 4 times 25, or 100; that is to say, the 
image will appear 100 times the size of the object. 

Fig. 296 represents the most approved form of mounting the lenses 
which compose a compound microscope. The tube, A, which contains ia 
its upper part the eye-glass, slides into another tube, B, in the bottom of 
which the object-glass is fixed ; this last tube also moves up and down in 
the stand, C, and in this way the lenses in the tubes may be adjusted to tho 
proper distance from each other and the object. M is a mirror for reflecting 
light upon the object, and S a support on which the object to be examined 
18 placed. 
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What is a 721. A Telescope is any Fia. 296. 

Telescope? instrument which magni- 
fies and renders visible to the eye the 
images of distant objects. This result 
is effected in the same manner as in 
the microscope, viz., by enlarging the 
visual angle under which the objects 
are seen. 

Hoir many Tclescopcs are of two 
^^s"*' ^e ki^^s, refracting telescopes 
**^'®' and reflecting telescopes; 

the principle of construction in both 
being the same as that of the com- 
pound microscope. 

What is a Re. ^22. Tho Kcfracting 
fi^ng Tele. Tclescopc cousists essen- 
tially of two convex lenses, 
the object-glass and the eye-glass. 
An inverted image of an object, as a 
star, is produced by the object-glass, 
and magnified by the eye-glass. 

Fig. 297 represents the principle of construction 
of the astronomical refracting telescope. is an 

object-glass placed at the end of a tube, which collects the rajrs proceeding 
from a distant object and forms an inverted image of the same at o o\ in the 
focus of the eye-glass, G^. B/ this the image is magnified and viewed by the 
eye at E. 

Fig. 297. 





What is 
Equatorial 
Telescope ? 



723. When^ telescope is mounted on an 
axis inclined to the latitude of a place, so that 
it can follow a star, or planet, in its diurnal 

revolution, by a single motion, it is called an Equato- 

EiAL Telescope. 

Such an instrument is generally moved by clock-work, and is accurately 



864 



wxllb'b kathral fhilobopht. 



ooontefbalanoed by an arrangement of weigbts. JL small telescope called tto 
finder, is attached near the eye end of the large one ; this is so adjusted that 
when the object is seen through it, it appears in the field of the large tele- 
scope, thus saving much trouble in directing the instrument toward anj par- 
ticular object. 

The mounting and attachments of an equatorial telescope are represented 
in Yig, 298. 

Fig. 298. 




What is a gpj. 
glass? 



724. A spy-glass, or terrestrial telescope, 
differs from an astronomical telescope only in 
an adjustment of lenses, which enables the observer to see 
the images of objects erect instead of inverted. This is 
effected by the addition of two lenses placed between the 
eye and the image. 

The arrangement of the lenses, and the course of the rays of light, in a 
common spy-glass, are represented in Fig. 299. is the object-glass, and C 
L M the eye-glasses, placed at distances from each other equal to double their 
focal length. The progress of the rays through the object-glass, 0, and the 
first eye-glasS| C, is the same as in the astronomical telescope, and an inverted 
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image is fbrmed ; but the second lens, L, reveises the image, which is yiewed 
therefore, in an erect position hy the last eye-glass, M. 

Fig. 299. 

On 




Fia. 300. 




What 18 the 725. The common opera-glass, also called 
gnstraction^of ^^^ GaKlean telescope from Galileo, its in- 
^^^ ventor, consists of a single convex object-glass 

and a concave eye-glass. 

F^. 300 represents 
the construction of this 
form of telescope. is 
a single convex object- 
glass, in the focus of 
which an inverted image 
of the object would be naturally formed, were it not for the interposition of 
the double-concave lens, E. This receiving the converging rays of light, 
causes them to diverge and enter the eye parallel^ and form an erect image. 

whatis a jte- "^^S- A Kcflecting Telescope consists essen- 
fi^^tog Tele- ^{ally of 8, concave mirror, the image in which 
is magnified by means of a lens. The mirror 
employed in reflecting telescopes is made oi poKshed 
metal, and is termed a speculum. 

The manner in which the rays of light falling upon the concave speculum 
of a reflecting telescope are caused to converge to a focus is clearly shown 
in Fig. 301. The imag« formed at this focus is viewed through a double- 
convex lens. 

Fig. 301. 




Fig. 302 represents one of the earliest forms of the reflecting telescope, called 
from its inventor, Mr. Gregory, the " Grregorian Telescope." It consists of 
a concave metallic speculum, A B, with a hole in its center, and a convex 
eye-glass, E, the whole being fitted into a tube. An inverted image, nf m', 
of a distant object is formed by the speculum, A 5 ; this image is agsdn 



366 



WSIXTO KATUBAL PHILOSOPHY. 



FiO. 302. 




r^ected by a small 
mirror, C D, and forms 
an erect image at n f7», 
which is magnified by 
the lens, E, when ob- 
served by the eye. 



AzK>ther form of 
the reflecting tele- 
scope, called the 
Newtonian, is rep- 
resented in Fig. 303. 
It consists of a large 
concave speculum, 
A B, set in one end 

of a tube, and a small plane mirror, C D, placed obliquely to the axis of the 
tube. The image of a distant object formed by the speculum, A B is reflect- 
ed by the mirror, C D, to a point, rnf «', on the side of the tube, and is there 
viewed through an eye-glass, E. 

Pjq 304 Large reflecting telescopes, 

at the present day, are so con- 
structed as to dispense with 
the small mirror. This is ac- 
complished by slightly inclin- 
ing the large speculum, so as 
to throw the image on one 
side where it is viewed by an eye-glass, as is represented hi Kg. 304. 

Fia. 305. 
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The largest telescope ever constructed is that made by Lord Rosse. This 
instrument, which is a reflecting telescope, is located at Parsonstown, in 
Ireland. Its external appearance and method of mounting is represented in 
Fig. 305. The diameter of the speculum is 6 feet, and its weight about 4 tons. 
The tube in which it is placed is of wood hooped with iron, 52 feet in length, 
and 7 feet in diameter. It is counterpoised in every direction, and moves 
between two walls, 24 feet distant, 72 feet long, and 48 feet high. The ob- 
server stands on a platform which rises or falls, or at great elevation upon 
sliding galleries which draw out from the walL 

This telescope commands an immense field of vision, and it is said that ob- 
jects as small as 100 yards' cube, can be distinctly observed by it in the moon 
at a distance of 240,000 miles.* 

whatisaMagic 727. The Magic Lantern is an optical in- 
^^*°*®''°' strument adapted for exhibiting pictures paint- 
ed on glass in transparent colors^ on a large scale, by means 
of magnifying lenses. 

Fig. 306. 




It consists of a metallic box, or lantern, A A', Fig. 306, containing a lamp, 
L, behind .which is placed a metallic concave mirror, p q. In front of the 
lamp are two lenses, fixed in a tube projecting from the side of the lantern, 
one of which, m^ is called the illuminator, and the other the magnifier. The 
objects to be exhibited are painted on thin plates of glass, which are mtro- 
duced by a narrow opening in the tube, c d, between the two lensea The 
mirror and the first lens, m, serve to illuminate the painting in a high degree^ 
£}r the lamp being placed in their Sbci, they throw a brilliant light upon it^ 
and the magnifying lens, n, which can slide in its tube a little backward and 
forward, is placed in such a position as to throw a highly magnified image of 
the drawing upon a screen, several feet off, the precise focal distance being 
adjusted by sliding the lens. The further the lantern is withdrawn firom the 

♦ By the aid of this mighty inBtrament, " one of the most ironderful contrihutlons of 
art and science the world has yet seen,** what astronomers have before called nebula, on 
account of their cloud-like appearance, have been discovered to be stars, or suns, analo- 
goas, in all probability, in ooDstitution, to our own sun. In the constellations Andro- 
meda and the sword-hilt of Orion, both of which are visible to the naked eye, these 
olaad-Uke patches have been seen as clusters of stars. 
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■oreen, the larger the image wiU appear ; but whea the ^stance is considera- 
ble the image becomes indistiDct 

What are Dis- ^^28. The bcautiful optical combinations 
■Giving Views? ^Down as Dissolving Views are produced by 
means of two magic lanterns of equal power, so placed as 
to throw pictures of precisely equal magnitude on the 
same part of the same screen. By gradually closing 
the aperture of one lantern and opening that of the other, 
a picture formed by the first may seem to be dissolved 
away and changed into another. 

Thua^ if the jHcture produced by one lantern represents a day landscape, 
and the picture produced by the other the same landscape by nighty Ifce one 
may be changed into the other so gradually as to imitate with great exactness 
the appearance of approaching night. 

What ifl a Solar 729. The Solar Microscope is an optical in- 
^"**°*'°'*' strument constructed on the principle of the 
magic lantern, but the light which illuminates the object 
is supplied by the sun instead of a lamp. 

This result is effected by admitting the rays of the sun into a darkened 
room, through a lens placed in an aperture in a window shutter, the rays 

being received by a plane mirror fixed ob- 
liquely, outside the shutter, and thrown 
horizontally on the lens. The object is 
placed between this lens and another 
smaller lens, as in the magic lantern ; and 
the magnified image formed is receiTed upon 
a screen. In Fig. 30*7, which represents' 
the construction of the solar microscope, 0: 
is a plane mirror, A the illuminating lens^ 
and B the magnifying lensi The objects to 
be magnified are placed between the lenses A and B. In consequence of 
the superior illumination of the object by the rays of the sun, it will bear to 
be magnified much more highly than with the lantern. Hence this form of 
microscope is often employed to represent, on a very enlarged scale, yarious 
minute natural objects^ such as anunalculse existing in yarious liquids, cry» 
tailizatioa of various salts, and the structure of vegetable substanoea. 



Fig. 30t. 




CHAPTER XV. 

ELECTRICITT. 

What is Eieo-* 730. ELECTRICITY is one of those subtle 
^'^^^ agents without weight, or form, that appear to 
be diffused through all nature, existing in all substances 
without affecting their volume or their temperature, or 
giving any indication of its presence when in a latent, or 
ordinary state. When, however, it is liberated from this 
repose, it is capable of producing the most sudden and 
destructive effects, or of exerting powerful influences by 
a quiet and long-continued action. 

How may dec- 731. Elcctrfcity may be excited, or called 
toicuy be ex- jj^^^ activity by mechanical action, by chemical 
action, by heat, and by magnetic influence. 

We do not know any reason why the means above enumerated should de- 
velop electricity from its latent condition, neither do we know whether elec- 
tricity is a material substance, a property of matter, or the vibration of an 
ether. The general opinion at the present day is that electricity, like light 
and heatj is the result of vibrations of an ether pervading all space. 

How is eiec- 732. Thc most ordinary and the easiest way 
M^^excitedl of exciting electricity is by mechanical action 

— by friction. 
How does eiec- If wc rub a glass rod, or a piece of sealing- 
tnaty Mcited ^^^^^ ^^ rcsiu, or ambcr, with a dry woolen, or 
manifestitseif? gjjj^ gubstauce, thcse substauccs will imme- 
diately acquire the property of attracting light bodies, 
such as bits of paper, silk, gold-leaf, balls of pith, etc. 

This attractive force is so great, that even at the dis- 
tance of more than a foot, light substances are drawn to- 
ward the attracting body. The cause of this attraction 
is called electricity. 

Thales, one of the seven wise men of Greece, noticed and recorded the 
&ct more than two thousand years ago, that amber when rubbed would at- 

16* 



370 



WELL8*S NATUBAL PHILOSOPHT. 



Wbenisabodj 
■aid to be elec- 
trified? 



Wlwt is electrie 
attnustion? 



tract light bodies ; and the name eUdricity^ used to designate such pheno- 
mena has been derived from the Greek word fi^Krpov, electron, signifying 
amber. 

What other ef- I^ *^® frictioQ of the glass, wax, amber, etc., 
JroSiJSlJSiJi ^ vigorous, small streams of light will be seen, 
ei^ridty^^ly a crackling noise heard, and sometimes a re- 
fricuou? markable odor will be perceived. 

733. When, by friction or other means, elec- 
tricity is developed in a body, it is said to be 
electrified, or electrically excited. 

The tendency which an electrified body has 
to move toward other bodies, or of other bodies 
toward it, is ascribed to a force dhlled electric attraction. 
What is electric Evcry clcctrified body, in addition to its at- 
repoiaion? tractivc forcc, manifests also a repulsive force. 
This is proved by the fact that li^ht substances, after 
touching an electrified body, recede from it just as actively 
as they approached it before contact. Such action is as- 
cribed to a force called electric repulsion. 

Thus, if we take a dry glass rod, rub it well 
with silk, and present it to a light pith ball, or 
feather, P, suspended from a support by a silk 
thread, the ball or feather will be attracted to- 
ward the glass, as seen at G-, Fig. 308. After it 
has adhered to it a moment, it will fly off, or be 
repelled, as P' from G'. 

The same thing will happen if sealing-wax be 
rubbed with dry flaimel, and a like experiment 
made ; but with this remarkable difference, that 
when the glass repels the ball, the sealing-wax attracts it, ^iq, 309. 
and when tlie wax repels, the glass will attract Thus if we 
suspend a light pith ball, or feather, by a silk thread, as in 
Fig. 309, and present a stick of excited sealing-wax, S, on 
one side, and a tube of excited glass, G, on the other, tit^ ball 
will commence vibrating like a pendulum from one to the 
other, being alternately attracted and repelled by each, the 
one attracting when the other repels; hence we c6iicludo 
that the electricities excited in the glass and wax are different. 

734. As the electricity developed by the 
than one kind frictiou of glass and otbcr like substances is 
^ ^ ^ essentially different from that developed by 



Fig. 308. 
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the friction of resm, wax, etc., it has been inferred that 
there are two kinds or states of electricity — the one called 
vitreous, because especially developed on glass, and the 
other resinous, beca^^^rst noticed on resinous sub- 
stances. 

What is the The fundamental law which governs the re- 
§5SriLi*\? lation of these two electricities to each other, 
»pSn?*°* and which constitutes the basis of this depart- 
ment of physical science, may be expressed as 
follows : — 

Like electricities repel each other, unlike electricities 
attract each other. 

ThuSj if two substances are charged with vitreous electricity, they repel 
each other; two substances charged with resinous electricity also repel each 
other ; but if one is charged with vitreous, and the other with resinous elec- 
tricity, they attract each other. 

When is a body *^35. When a body holds its own natural 
non-electrified t quantity of clcctricity undisturbed, it is said 
to be non-electrified. 

When an electrified body touches one that 
trifled body is non-electrificd, the electricity contained in 
non-electrified, the formcr is transferred in part to the latter. 

what occurs 1 

Thus, on touching the end of a suspended silk thread with a 

piece of excited wax or glass, electricity will pass from the wax or glass into 

the silk, and render it electrified; and the silk will exhibit the effects of the 

electricity imparted to it, by moving toward any object that may be placed 

near it. 

736. Two theories, based upon the phenom- 
oriea have been eua of attraction and repulsion, have been 
cmI?? fo/eiBcI formed to account for the nature and origin of 

nca ac on elcctricity. These two theories are known as 
the theory of two fluids, and the theory of the single fluid ; 
or the theory of Da Fay, an eminent French electrician^ 
and the theory of Dr. Franklin. 

737. The theory of two fluids, or the theory 
theoV of twt of Du Fay, sui)po8es that all bodies, in their 

^ * natural state, are pervaded by an exceedingly 

, thin subtle fluid; which is composed of two constituents. 
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or elements, viz., the vitreous and ^Ll resinous electrici- 
ties. Each kind is supposed t(^y3dB^ own particles^ bat 
attract the particles of the oth^B^V 

When these two fluids peirade a bcxtj^^^H quantities, they neutralize 
each other in virtue of their mutual fitt^^^Rmd remain in repose; but 
when a bodj contains more of one thii^i aC tbo ^tL^jr^ it exhibits vitreous or 
resinous electricity, as the case maj be. 

738. The theory of a sii^le fluid, or the 
theory of « thoory propoundcd by Dr. Franklin, supposes 
the existence of a single subtile fluid, without 
weight, equally distributed throughout nature ; every sub- 
stance being so constituted as to retain a certain quantity^ 
which is necessary to its physical condition, v 

When a substance pervaded by this smgle fluid is in its natural state or 
condition, it offers no evidence of the presence of electricity; but when its 
natural condition is disturbed it appears electrified. The difference between 
the electricity developed by glass and that by resm is expiHued by this 
theory, by supposing electrical excitation to arise fix>m the difference in the 
relative quantities of this principle existing in the body rubbed and the rub- 
ber, or in their powers of receiving and retaining electricity. Thus one body 
becomes overcharged by having abstracted this principle from the^jpther. 

whatarepoBi- ^39. Thc two different conditions of electric- 
tive*dec"^- %? which wcrc called by Dii Fay vitreous and 
*^* resinous electricities, were designated by Dr. 

Franklin as positive and negative, or plus and minus. 
Thus a body which has an overplus of electricity is called 
positive, and one that has less than its natural quantity 
is called negative. 

The theory of a single fluid has, until quite recently, been generally adopted 
by scientific men, and the terms positive and negative electricities are uni- 
versally used in the place of vitreous and resinous. Within the last few 
years, however, some discoveries have been made which seem to indicate 
that the theory of two fluids is the one which approaches nearest to the truth. 
What is Pro- ^^ addition to these two theories respecting the nature of 
feasor Fara- electricity, another has been proposed by Professor Faraday, 
Slridty7°' of England. He considers electricity to be an attribute, or 
quality of matter, like what we conceive of the attraction of 
gravitation.* 

* It Is not easy to perfectly explain to a beginner the view which has heen taken by 
Professor Faraday (who is at present the highest recognized authority on this subject) re- 
specting the nature of electricity. The following statement, as given by a late writer 
CBobsrt Hiiiit>t may be saffidenUy comprehensive and clear : " Every atom of matter Is 
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Hi there any 
connection be- 
tween light, 
heat, and elec- 
tricity? 



740. Light, heiat, sud elcctriGitj app 

ertiea in e^jmmoDj^nd eiich mtiy be i 

currjstanc'ea, to produce? or excite the i 

subtle^ and diflusiyc, that it bus been foii! 

nize ia them the oniinBry c^hnracterifltic^a ( 
pose that light, heat, awd cbctritity am nil modifltjatioua of a eommQn principle. 
What are the '^^^^ Electricity exists in, or may be e?;cited in all bodioaj 

electrical di- Thero are no excoptions to this rule, but electricity is i 
irabsSlces? *" veloped in some boj^ a wilb great enao,- and in others w 

gre^t dillicjiMK^I^batimceSf thet-Grore, have been divided 
into two classes, yiz.^ l^^^^^^^Hct^e whirb can be easily excited, and 
Non-electrics, or thty^v: ^v^^^^^^^kd \Wth difEculty. Suoh a divi^iuu i 
however, of little pr^tic^^^^^^^^^^K, and at present ia 
recognized. ^^^^^^^^^H 

•There is no certain tc^^^^^^^^^^^^iis to dftermme, 
periment, which of two boi^^^^^^^^^Bkition wili proil^ 
which negative elect rit^Uy. ^fflrl^^^^^Kaiict % a cat's i 
susceptible of posdtivt', and sulphur ^^^^H^ eitcjtricity. 
extreme substances othfra migiit btt bo arnmgedT that any suF 
list being rubbed upon any other, that which hf^lg the bight at ] 
positively electrified, and that which holds the lower place negatively elec- 
trified. For instance, smooth glass becomes positively electrified when rub- 
bed with silk or flannel, but negatively electrified when excited by the back 
of a living cat Sealing-wax becomes positive when rubbed with the metals, 
but negative by any thing else. 

In no case can electricity of one kind be 
excited without setting free a corresponding 
amount of electricity of the other kind ; hence, 
when electricity is excited by friction, the rub- 
ber always exhibits the one, and the electric, or body 
rubbed, the other. 

What are con- 742. Bodics differ greatly in the freedom 
nSnSnducto/fl ^'^^^ which thcy allow electricity to pass over 
of electricity? ^j. through them. N^hose substances which 

regarded as existing by virtae of certain properties or powers, these being merely pecu* 
liar affections, which raay be regarded as being of a similar nature to vibrations. It is 
assumed that the electric state is but a mode or form of one of these affections. One par- 
ticle of matter, having received this form of disturbanee, communicates it to all contigu- 
ous particles — ^thatis, those which are next to it, although not in contact — and this com- 
munication of force takes place more or less readily, the communicating particles assuming 
a polarized state— which may be explained ns a state presenting two dissimilar extremities. 
When the communication is slow, the polarized state is highest, and the body is said to 
be an insulator : insulation being the result. If the partibles communicate their condition 
readily, they are termed conductors : conduction is the result. Tlie phenomena of in- 
duction, or the production of like effects in contiguous bodies, is, therefore, according t» 
this view, but something analogous to the communication of tremors, or vibrations.** 



Can one elec- 
tricity be ex- 
cited without 
aetting free the 
other? 
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facilitate its passage are called conductors ; those that re- 
tard, or almost prevent it, are ctilled non-conductors. 

Uo substance can entirely prevent the passage of electricity, nor is thoro 
may which does not oppose some resistance to its passage. 

wh*t nh- Wall bodies, the metals are the most per- 
SS'iSSS*^ feet conductors of electricity; charcoal, the 
•>***'^*y' earth, water, moist air, most liquids, except 
oils, and the human body, are also good conductors of 
electricity. 

What i8 the "^43. The velocit/fawith which electricity 
trid^ **'****" passes through ^S|fcconductors is so great, 
.•" . . that the most ra^^^motion produced by art 

jji^p^ears to be actual rest when compared to it. Some 
*au4:torities have estimated that electricity will pass 
fbfough copper wire at the rate of two hundred and 
eighty-eight thousand miles in a second of time — a ve- 
locity greater than that of light. The results obtained, 
however, by the United States Coast Survey, with iron 
wire, show a velocity of from 15,000 to 20,000 miles per 
second. 

What snh- Gum shellac and gutta percha are the most 

SSl»d5?cto!rl°'S" perfect non-conductors of electricity ; sulphur, 
electricity? sealing- wax, resin, and all resinous bodies, 
glass, silk, feathers, hair, dry wool, dry air, and baked 
wood are also non-conductors. 

Electricity always passes by preference over the best 
conductors. 

Thus, if a metallic chain or wire is held in the hand, one end touching the 
ground and the other brought into contact with an electrified body, no part 
of the electricity will pass into the hand, the chain being a better conductor 
than the flesh of the hand. But if, while one end of the chain is in contact 
with the conductor, the other be separated from the ground, then the electricity 
will pass into the hand, and will be rendered sensible by a convulsive shock. 

When is a body 744. Whcu a couductor of electricity is sur- 
insuiated? roundcd on all sides by non-conducting sub- 
stances, it is said to be insulated; and the non-conducting 
substances which surround it are called insvlators. 
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whenisabody When a conducting body is insulated, it 
^BTget wiS retains upon its surface the electricity com- 
eiectricity? muuicated to it, and in this condition it is 
said to be charged with electricity. 

A conductof of electricity can only remain electric as long as it is insulated, 
that is, surrounded by perfect non-conductors. The air is an insulator, since, 
if it were not so, electricity would be instantly withdrawn by the. atmosphere 
from electrified substances. "Water and steam are good conductors, conse- 
quently, when the atmosphere is damp, the electricity will soon be lost, 
which, in a dry condition of the air, would have adhered to an insulated con- 
ductor for a long period of time. 

Thus a globe of metal supported on a glass pillar, or suspended by a silken 
cord, and charged with electricity, will retain the charge. If, on the oon- 
traiy, it were supported on a metallic pillar, or suspended by a metallic wire, 
the electricity would immediately pass away over the metallio 6ur£ice and 
escape. 

In the experiments made with the pith balls (§ 733, Fig. 308), the silk 
thread by which they were suspended acts as an insulator, and the electricity 
with which they become charged is not able to escape. 

, , , 745, When electricity is communicated to 

Does electric!- i • i i • • -i 

ty accumulate a conductmor bodv it rcsidcs merely upon the 

upon the Bur- ii ii 

face or the in- suriace, and does not penetrate to any depth 

tenor of bodies? . , . ^ J I 

Within. 
_, Thus, if a solid globe of metal suspended by a 

silken thread, or supported upon an insulated 
glass pillar, be highly electrified, and two thin 
hollow caps of tin-foil or gilt paper, furnished 
with insulating handles, &s is represented in 
Fig. 310, be applied to it^ and then withdrawn, 
it will be found that the electricity has been 
completely taken off the sphere by means of the caps. 

An insulated hollow ball, however thin its substance, will contain a charge 
of electricity equal to that of a sohd ball of the same size, all the electricity in 
both cases being distributed upon the surface alone. 

In the case of a spherical body charged with electricity, 
form of^a'body *^® distribution is equal all over the surface ; but when the 
Influence its body to which the electricity is communicated is larger in one 
ditioQ? ' direction than the other, the electricity is chiefly found at its 

longer extremities, and the quantity at any point of its sur- 
feice is proportional to its distance from the center. 

, The shape of a body also exercises great influence in retaining electricity : 
it is more easily retained by a sphere than by a spheroid or cylinder; but it 
readily escapes from a pomt, and a pointed object also receivea it with the 
greatest £icility. 
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wbrt !■ fha *^^' ^^® earth is considered as the great 
SnitoiSmTf general reservoir of electricity. 

When bj means oi a oondocting sabetance a commtmi- 
cation la established between a body ocnitaming an excess of electricity and 
the earth, the body will immediatelj lose its surplus quantity, which paasea 
into the earth and is los»t bj diffusbn. 

-whMX is dae. 747. When a body charged with electricity 
trieaiindaetiaaf ^f ^^^^ ^ind is brought into proximity with 
other bodies^ it is able to induce or excite in them, with- 
out coming in contact, an opposite electrical condition. 
This phenomenon is called Electrical Induction. 

Explain tlie '^^^ ^^^^ *™" *"*™ ^® general law of electrical attrao- 
phenomena of tion and repulsion. A body in its natnral condition oontiAins 
mdactioii. equal quantities of podtiTe and negatiye electricities^ and when 

this is the case, the two neutralize each other, and remain in a state of equili- 
brium. But when a body charged with electricity is brought into proximity 
with a neutral body, disturbance immediately ensues. The electrified body, 
by its attractive and repulsiTe influence, separates the two electricities of the 
neutral body, repelling the one of the same Itind as itself and attracting the 
other, whidi is unlike, or opposite. Thus, if a body electrified poatively be 
brought near a neutral body, the positiye electricity of the neutralixxly wiU 
be repelled to the most remote part of its sur&ce, but the negative electricity 
will be attracted to the side which is nearest the disturbing body. Between 
these two regions a neutral Ime will separate those points of the body over 
which the two opposite fluids are respectively distributed. 

Pj^ 3JJ Let C A D, Pig. 311, be ametaUio 

esfyader placed upon an insulating 
sup|)Ort, with two pith balls sui^ 
pended at one end, as at D. If 
now an electrified body, E, be 
brought near to one end of the cyl- 
inder, the balls at the other ex- 
tremity will immediately diverge 
from one another, showing the pres- 
" ence of firee electricity. This does 

not arise from a transfer of any of 
the electric fluid from B to Qj for upon withdrawing the electrified body, 
£, the balls will fiJl together, and appear unelectrified as before ; but the 
electricity in B decomposes by its proximity the combination of the two 
electricities in the cylinder, C A Bf' attracting the kind opposite to itself 
toward the end nearest to it, and repelling the same kind to the fiuther 
end. The middle part of the cylinder, A, which intervenes between the 
two extremities, will remain neutral, and exhibit neither positive nor negative 
electricity. 
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Explain the 
reaaon why an 
electrified sur- 
face attracts a 
neutral, or nn- 
electrified body. 



Fig. 312. If . three cylinders axe 

placed in a row, touching 
one another, as in Fig. 312, 
and a positively electrified 
body, E, be brought in 
proximity to one extremity, 
the electricities of the cyl- 
inders win be decomposed, 
the negative being accumulated In N, and the positive repelled to P. If in 
this condition the cylinder P be first removed, and then the electrified body, 
the separate electricities will not be able to unite, as in the former experi- 
ment, but N will remain negatively, and P positively electrified. 

These experiments explain why an electrified 
surface attracts a neutral, or unelectrified body, 
such as a pith ball. It is not that electricity 
causes attractions between excited and unex- 
cited bodies, the same as between bodies oppositely ex- 
cited ; but that the pith ball is first rendered opposite by 
induction, and attracted in consequence of this opposition. 
A pith ball at a few inches distance from an electrified 
surface, is charged with electricity by induction ; and the 
kind being contrary to that of the surface, attraction en- 
sues ; when the two touch, they become of the same kind 
by conduction. 

A person may also receive an electric shock by induction. Thus, if a per- 
son stand close to a large conductor strongly charged with electricity, he 
will be sensible of a shock when this conductor is suddenly discharged. 
This shock is produced by ^e sudden recomposition of the fluids in the 
body of the person, decomposed by the previous inductive action of the 
conductor. 

748. An electrical machine is an apparatus, 
by means of which electricity is developed and 
accumulated, in a convenient manner for the 
purposes of experiment. 

ofwhateaaen- -Ail clcctrical machincs consist of three 
^^liStri^S principal parts, the rubber, the body on 
BMMAine con- ^hosc surfacc the electric fluid is evolved, 
and one or more insulated conductors, to 
which this electricity is transferred, and on which it is 
accumulated. 



What la 
electrical 
ehinef 
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Describe the 

two rarietics 
of iltCtrioAl 
Diachitiet in 
common Ubc. 



Electrical machines are of two kinds, the 
plate and cylinder machines. They derive 
their names from the shape of the glass em- 
ployed to yield the electricity. 



Fig. 313. 





The plato electrical machine, -which Is 
represented in Fig. 313, consists of a 
large circular plate of glass naounted 
upon a metallic axis, and supported up- 
on pillars fixed to a secure base, so that 
the plate can, by means of a haadle, w, 
be turned with ease. Upon the sup- 
ports of the glass, and fixed so as to 
press easily but imiformly on the plate^ 
are foiu* rubbers, marked rrrrin the 
figure ; and flaps of silk, s 5, oiled on one 
side, are attached to these, and sectored 
/ I lil4Hk^ I J *° ^ed supports by several silk cords. 

^^^jj^StS*" ^^^^'""^-'s^ When the machine is put in motion, 

^^^^^'^^""^ ^^ these flaps of silk are drawn tightly 

against the glass, and thus the Motion is 
increased, and electricity excited. The 
points p p collect the electricity from the glass as it revolves, and convey it to 
the prime conductor, c, which is insulated and supported by the glass rod, g. 

The cylinder electrical machine represented by 
Fig. 314, consists of a glass cylinder, so arranged 
that it can be turned on its axis by a crank, and 
supported by two uprights of wood, dried and 
varnished. F S indicates the position and ar- 
rangement of the rubber and silk, and Y that 
of the prime conductor. The principle of the con- 
struction of the cylinder machine is, in every 
respect, the same as that of the plate machine. 
What is the The rubber of an electrical ma- 
construction of chine consists of a cushion stuffed 
with hair, and covered with 
leather, or some substance which readily generates electricity by fKction. 
The efficiency of the machine is greatly increased by covering the cushion 
with an amalgam, or mixture of mercury, tin, and zinc* 

In the ordinary working of the machine, the rubber is connected by a chain 
with the ground, from whence the supply of electricity is derived. 

• The best composition of the amalgam is two parts, by weiglit, of zinc, one of tin, and 
six of mercury. The mercury is added to the mixture of the zinc and tia when in a fluid 
state, and the whole is then shaken in a wooden box until it is cold ; it is then reduced to 
a powder, and mixed with a sufficient quantitj- of lard to reduce it to the consistency of 
paste' A thin coating of this paste is spread over the cushion ; but before tluB is done, all 
darto of the machine should be carefully cleaned and warmed. 
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What is the ^® receiver of electricity from an electrical machine is 
conductor of Called the prime conductor. It usually consists of a thin brass 
n^chine?*^*^*^ Cylinder, or a brass rod, mounted on a glass pillar, or some 
other insulating material. 

To put the electrical machine in good order, every part must be dry and 
clean, because dust or moisture would, by their conducting power, difiuse the 
electric fluid as fast as. accumulated. As a general rule, it is highly essential 
that the atmosphere should be in a dry state when electrical experiments are 
made, as the conductmg property of moist air prevents the collection of a sui^ 
ficient amount of electricity for the production of striking effects. In the 
winter, the experiments succeed best when performed in the vicinity of a 
fire ; and it is advisable to place the apparatus in front of the fire for some 
time before it is employed. 

E la" th Electricity is developed by the action of an electrical ma- 

method in chine in essentially the same manner as it is in a simple glass 
trSa? iMich\l?e *^^® ^^ friction. When the glass cylinder or plate is turned 
develops dec- round by the handle, the friction between the glass and the 
tricity? rubber excites electricity; positive electricity being developed 

upon the glass, and negative upon the rubber. When the points of the prime 
conductor are presented to the revolving glass plate or cylinder, the positive 
electricity is immediately transferred to it, and it emits sparks to any conduct- 
ing substance brought near. The electricity thus abundantly excited is sup- 
plied from the earth to the rubber (by means of a chain extending to the 
ground), and the rubber is contuiually havmg its supply drawn from it by the 
force called into action by friction with the glass. That the electricity is de- 
rived from this source is evident from the ^t that but a small quantity of 
electricity can be excited when the metallic connection between the rubber 
and the ground is removed. For this reason the chain must always be 
attached to the rubber when it is desired to develop positive electricity, and 
to the prime conductor when negative electricity is required. 

According to the theory of a single fluid, the excitement of electricity is as 
follows : — ^the friction of the glass and silk, by disturbing the electrical equi- 
librium deprives the rubber of its natural quantity of electricity, and it is 
therefore left in a negative state, unless a fresh quantity be continually drawn 
from the earth to supply its place. The surplus quantity is collected on the 
prime conductor, which thereby becomes charged with positive electricity. 
On the hypothesis of two electric fluids, the same fiictional action causes 
the separation of the vitreous from the resinous electricity in the rubber, which 
therefore remains resinously charged, unless there be a connection with the 
earth to restore the proportion of vitreous electricity of which the rubber has 
been deprived. 

Various other arrangements have been devised for the pro- 
boiler* be* nsed <iuction and accumulation of electricity. High-pressure steam 
as an electrical escaping from a steam-boiler carries with it minute particles 
"***' ^ of water, and the friction of these against the surface of the 

jet frx)m which the steam issues produces electricity in great abundance. A 
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steam-bofler, properlj arranged and insaUtted, therefore constitates a most 
powerful electxical machine ; and by means of an apparatus of tiiis chafactez^ 
constructed some time since in London, flashes of electricity vrere caused to 
emanate from the prime conductor more than 22 inches in length. 

749. The Insulating Stool, which is a usual ^ ^^^ 
■nUttog Stool ? appendage to an electrical machine, consists of 

a board of hard-baked wood, supported on y/^ 
glass legs coyered with yamish. (See Fig. 315.) It is useful for == 
insulating any body charged with electricity; and a person 
standing upon such a etxxA, and in oonunumcadon with 
prime oonductor, will become charged with electricity. 
_^ Discharging Bods are brass FiO. 316. 

ehargingBodsr ^^^^ terminating with balls, or 

with points, fixed to ^ass handles. 
With these rods electricity may be taken from a 
conductor without allowing the electrical chaige 
to pass through the body of the operator. Their 
construction is represented in Fig. 316. 
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An instrument called the " IJnlvevsal 
Discharger," used to convey strong 
charges of electricity through various 
substances, is represented by Fig. 317. 
It ■ consists of two glass standards, 
through the top of which two metallic 
wires slide freely ; these wires are 
pointed at the end, ^ but have balls 
screwed upon them ; the other ends are famished with rings. The balls rest 
on a table of boxwood, into which a slip of ivory, or thick glass, is inlaid. 
Sometimes a press, p'^ is substituted for the table, between which any sub- 
stance necessary to be pressed, during the discharge, is held firm. 

What is aD "^fSO. An Electrophorus is a simple appara- 
Eiectrophoras? ^^g^ jjj which a Small charge of electricity may 
be generated by induction ; and this, communicated suc- 
cessively to an insulated conductor, may produce a charge 
of indefinite amount. 

It consists of a circular cake of resin (shell-lac), r, Fig. 318, 
action of th« laid Upon a metallic plate ; upon this cake, the surface of which 
decfcrophorus. jj^ j^qqj^ negatively electrified by rubbing it with dry silk or fur, 
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is placed a metallic cover, M, somewhat smaller in diam- 
eter, and furnished with a glass insulating handle, 7l 
The negative electricity of the resin, by acting induc- 
tively upon the two electricities combined in the cover, 
separates them — ^the positive being attracted to the 
under surface, and the negative repelled to the upper, 
on toudiing tiie cover with the finger, all the negative 
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electricity will escape, and the positive electricity alone remans, which is 
combiued with the negative electricity of the cake of resin^ so long as the 
cover is in contact with it. If we now remove the cover by its insulating 
handle, the positive electricity, which was before held at the lower part of 
tlie cover by the inductive action of the resin, will become free, and may be 
imparted to any insulated conductor adapted to receive it. The same pro- 
cess may be repeated indefinitely, as the resinous cake loses none of its elec- 
tricity, but simply acts by induction, and thus an insulated conductor may be 
charged to any extent. 

751. An Electroscope is an instrument em- 
ployed to indicate the presence of free elec- 



What is an 
Electroscope ? 



tncity. 



"What is the 
constmction of 
anelectaroBoopet 



It usually consists of two light conducting 
bodies freely suspended, which in their natural 
state hang vertically and in contact. When 
electricity is imparted to them, they repel each other, and 
the amount of their divei^ence is proportioned to the 
quantity of electricity diffused on them. 

The simplest form of the electroscope, called the "pith-ball electroscope,'* 
consists of two pith-balls suspended by silk threads. When an excited body 
is presented, the baUs will be first attracted, but immediately acquiring the 
same degree of electricity as the exciting body, they repel each other. An- 
other form of the pith-ball electroscope, represented at B, Fig. 319, consists of 
two pith-balls suspended by conducting threads within a glass jar, and con- 
nected with the brass cap, m. On touching the brass cap with an electrified 
Fi<3t, 319. body, the two baUa being similarly electri- 

fied, will repel each other. 0, Fig. 319, 
represents a more delicate electroscope; 
two slips of gold leaf; g g\ being substituted 
for the pith-balls. If an excited substance, 
c, be brought near the cap of brass, the 
leaves will instantly diverge. The best 
electrometers are carefully insulated, so that 
the electricity communicated to the balls or 
leaves may not be too soon dissipated. 

Electroscopes merely indicate 
the presence of an electrically excited body : they do not 
measure the quantity, either relatively or absolutely, of 
the electricity in action. 

752. An Electrometer is an instrument for 
measuring the quantity of electricity. 
The most simple form of the electrometer is represented at A, Fig. 319. It 




What is an 
Electrometer? ' 
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oonsigts of a Bemidrcle of Tarnished paper, or iyory, fixed upon a vertical 
rod. From the center of the semicircle a light pith-ball is suspended, and 
the number of degrees through which the ball is attracted or repelled hy any 
body brought in proximity to it, mdicates in a degree the active quantity of 
electricity present No very accurate results, however, can be obtained with 
this apparatus; and for accurate investigation. Instruments of more ingenious 
and complicated construction are used. 

The electrometer usually employed for measuring with 
great accuracy small quantities of electricity, is that of 
Coulomb's, usually called the Torsion Balance. 

EzDlain the '^^ construction of this instrument is as follows : — A needle^ 
eonstrncdon of or stick of shell-lac, bearing upon one end a gilded pith-ball, is 
the Torilon gugpended by a fiber of sak within a glass vessel— the needle 



being so balanced, that it is free to turn horizontally around 
the point of suspension in eveiy direction. When the pith-ball is electrified 
by induction, the repellent force causes the needle to turn round, and this 
produces a degree of torsion, or twist in the fiber which suspends it ; and the 
tendency of the fiber to untwist, or return to its original position, measures 
the force which turns the needle. 
Within the glass vessel, which is cylin- 
drical, a graduated circle is placed, 
which measures the angle through 
which the needle is deflected. In the 
cover of the vessel an aperture is made, 
through which the electrified body may 
be introduced, whose force it is desired 
to indicate and measure by the ap- 
paratus. Fig. 320 represents the con- 
struction and appearance of the torsion 
balance. 

By means of the 

torsion balance, 

Coulomb proved 

that the law of 
electrical attraction and re- 
pulsion, as influenced by dis- 
tance, is the same as the law 
of gravitation ; that is, the force varies inversely as the 
square of the distance. 

753. The Leyden Jar is a glass vessel used 

for the purpose of accumulating electricity de- 
rived from electrically excited surfeces. 



What import- 
ant law of 
electricity has 
been proved by 
the toraion hal' 
ance? 




What i«? fi Ley- 
den Jar f 
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Explain the ae- 
tion and eon- 
Btruction of the 
Coated Pane. 



Pl0. 321. 




In what man. 
ner was the 
principle of the 
Leyden Jar first 
made known? 



The principle of the Leyden Jar may 
be best explained by describing what is 
called the "coated," or "fulminating 
pane. " This consists of a glass plate, Fig. 
321, a, having a square leaf of tin-foil, &, attached to each 
side. If the plate be laid upon a table, and a chain from 
the prime conductor of an electrical machine be brought 
in contact with the tin-foil upon one side, the plate will 
become charged — ^the upper side with positive, and the 
under with negative electricity. 

If two such conductors, as the plates of tin-foil attached to 
coated pane a pane of glass, be strongly charged with electricity in the 
Sl^^SiIk*?*^^*^ manner described, and then, by means of the human body, be 
put in communication — which may be done by touching one 
plate with the fingers of one hand, and the other with the fingers of the other 
band — ^the two electric fluids in rushing together, pass through the body, and 
produce the phenomenon known as the electric shock. 

754. The Leyden Jar is constructed upon the same princi- 
ple as the coated pane, and its discovery, accompanied with 
the first experience of the nervous commotion known as the 
electric shock, occurred in this way: In 1746, while some 
scientific gentlemen at Leyden, in HoUand, were amusing them- 
selves with electrical experiments, it occurred to one of them to charge a 
tumbler of water with electricity, and learn by experiment whether it would 
affect the taste. Accordingly, having fixed a metallic rod in the cork of a 
bottle filled with water, he presented it to the electrical machine for the pur- 
pose of electrifying the water, holding at the same time the bottle in his hand 
by its external surface, without touching the metallic rod by which the elec- 
tricity was conducted to the water. The water, which is a conductor, re- 
ceived and retained the electricity, since the glass, a non-conductor, by which 
it was surrounded, prevented its escape. The presence of free electricity in 
the water, however, induced an opposite electricity on the outside of the glass, 
and when the operator attempted to remove the rod out of the bottle, he 
brought the two electricities into communication by means of his hand, and 
received, for the first time, a severe electric shock. Nothing could exceed 
the astonishment and consternation of the operator at this unexpected sensa- 
tion, and in describing it in a letter immediately afterward to the French 
philosopher Beaumur, he declared that for the whole kingdom of France he 
would not repeat the experiment. 

The experiment, however, was soon repeated in different parts of Europe, 
and the apparatus bjr which it was produced received a more convenient 
form, the water being replaced by some better conducting substances, as 
metal filings, for which tin-foil was afterward substituted. 

The Leyden Jar, as usually constructed, con- 
conXuctionof Bists of a glass jar, Fig. 322, having a wide 
the Leyden jar. j^^^^j^^ ^j^^ coated, cxtemally and internally, to 
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within two or three inches of the month, 
ortothelinea6,withtin-foiL A wooden 
cover, well varnished, is fitted into the 
mouth of the jar, through which a stout 
brass wire, famished with a ball, passes, 
having a chain or wire attached to its 
lower end, so as to be in contact with 
the inside coating. 

Hoviia Ley. '^ Lcydcu jar is charged 
d«D j»r chug, by presenting the brass ball 

at the end of the rod of the 
jar to a prime conductor of an electrical machine in 
action, or to any other excited surface. To charge a jar 
strongly, it is necessary that the outside coating should be 
directly or indirectly connected with the ground. 
How to a Ley. ^ Lcydcu jar is discharged by eflfecting a 
^f^f *"^ communication between the outer and inn^ 

surfaces by means of a good conductor. 

I^ when we have charged the jar, we hold the exterior ooatmg in one 
hand and touch the knob with the other, a spark is obs^red, and the peculiar 
sensation of the electric shodc experienced. 

Anj number of persons can receive a shock at the same time hj fiHming a 
chain bj holding each other's hands — the first person in the circle toadiiDg 
the external coating of the jar, and the last the knob. 
Where does When a Leyden jar is charged, the electridly resides whoJly 
the electricity on the sur&ce of the glass; the metallic coatings having no 
S^iteT**"^" other effect than to conduct the electricity to the surface of 
the glass, and, when there, afford it a free passage from point 

to point. 
The power of a Leyden jar will therefore depend upon its size, or extent 

of sur&ce. 

As very large jars are inconvenient and Pi€J. 323. 

expensive, very strong charges of electricity 
are obtained by combinmg a number of jars 



A combination of 

What i« an 

Electrical Bat- Levden lats, so ar- 

ranged that they may *=5^^ 
be all charged and discharged ^^%^ 
together, constitutes an Electri- 
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What expcri- 
ments illuRtrate 
the attractire 
and repulsive 
forces of elec- 
tricity? 



cai Battery. This may be effected by forming a connec- 
tion between all the wires proceeding from the interiors 
of the jars, and also connecting all their exterior coatings. 

Such an arrangement is represented by Fig. 323. The discharge of eleo- 
tricity from such a combination is accompanied by a loud report ; and when 
the number of the jars is considerable, animals may be killed, metal wires 
be melted, and other effects produced analogous to those of hghtning. 

755. By means of an electrical machine and the Ley den 
Jar, many interesting and amusing electrical experiments 
may be performed. 

The phenomenon of the repulsion of substances similarly 
electrified, may be illustrated by means of a doll's head cov- 
ered with long liair. "When this is at- 
tached to the prime conductor of an elec- 
trical machine, the hairs stand erect, and 
give to the head a most exaggerated ap- 
pearance of fright. See Fig. 324. 

The same thing may be shown by plac- 
ing a person on a stool with glass leg^ 
so that be be perfectly insulated, and 
making him hold in his hand a brass rod, 
the other end of which touches the prime 
conductor ; then on turning the machine^ 
the hairs of the head will diverge m all 
directions. 

If a small number of figures are cut 
out in paper, or carved out of pith, and 
an excited glass tube be held a few 
inches above them on a table, the figurea 
will immediately commence djvncing up and down, assuming a variety of droll 
positions. The experiment can be shown better by means 
of an electrical machine than with the excited tube, by 
suspending horizontaUy from the prime conductor a metal 
disc a few inches above a flat metal surface connected with 
the earth, on which the figures are placed. On workmg 
the machme, the figures will dance in a most amusing 
manner, being alternately attracted and repelled by each 
plate. See Fig. 325. 

The electrical bells, Fig. 326, which are 
experiment of rung by electric attraction and repulsion, 
ttie electrical are good illustrations of these forces. Where 
I three bells are employed, the two outer 

bells A and B, are suspended by chains, but the central 
i)ne and the two clappers hang fi-om silken strings. The 
middle bell is connected with the earth by a chain or wire. 

11 




Fig. 325. 
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Upon working the machine, the outer bells become positivelj electrified, and 
Fio 3''6 ^° middle one, which is insulated from the 

prime conductor, becomes negative by in- 
f^ duction. The little dappers between them 
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are alternately attracted and repelled by the 
outer and inner bells, producing a constant 
ringing as long as the machine is in action. 
It was by attaching a set of bells of this 
kind to his lightning-conductor, that Dr. 
^^ Franklin received notice, by their ringing, 
A ^ B of the passage of a thunder-cloud over his 

apparatus. 
Let a skein of linen thread be tied in a 
knot at each end, and let one end of it be attached to some part of the con- 
ductor of a machine. When the machine is worked the threads will become 
electrified, and will repel each other, so that the skein will swell out into a 
fixm resembling the meridians drawn upon a globe. 

If we ignite the extremity of a stick of sealing-wax, and bring the melted 
wax near to the prime conductor of a machine, numerous fine filaments of 
wax will fly to the conductor, and will adhere to it, forming upon it a sort 
of network like wool This is a simple case of electrical attraction. The 
experiment will succeed best if a small piece of wax is attached to the end 
of a metal rod. 

whateffeethu "i^SS. When a current of electricity passes 
JftSSStor?*" through a good conductor of sufficient size to 
carry off the whole quantity of electricity 
easily, the conductor is not apparently affected by its 
passage ; but if the conductor is too small, or too imper- 
fect to transmit the electric fluid readily, very striking 
effects are produced — the conductor being not unfre- 
quently shivered to pieces in an instant. 

What exoeH- "^^ mechanical effects exerted by electricity in passing 
mentailliutrate through imperfect conductors, may be illustrated by many 
SfeSlf^l^ simple experiments. 

tricityf If we transmit a strong charge of electricity through, water, 

the liquid will be scattered in every direction. 

A rod of wood half an inch thick maj be split by a strong charge from a 
Leyden jar, or battery, transmitted in the direction of its fibers. 

If we place a piece of dry writing-paper upon the stand of a unirersal dis- 
charger, and then transmit a charge through it, the electricity, if sufficiently 
strong, will rupture the paper. 

If we hold the fiame of a candle to a metallic point projecting from the 
prime conductor of an electrical machine in action, the current of air caused 
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by the issuing of a current of electricity from the point, will be sufflcient to 
deflect the flame, and even blow it out. 

Hoirdoefleiec. "^S?. The passagG of electrfcity from one 
h»t7 ^^^^^ substance to another is generally attended with 
an evolution of heat, and a current of electricity 
passing over an imperfect conductor, raises its temperature. 
The temperature of a good conductor of sufficient size 
to allow the electric fluid to pass freely, is not affected by 
the transmission of a current of electricity ; but if its size 
is disproportionate to the quantity of fluid passing over 
it, it will be heated to a greater or less degree. 

If a small charge of electricity be passed through small metal wire a few 
inches in length, its temperature will be sensibly elevated ; if the chai^ be 
increased, the wire may be made red hot, and even melted and vaporized. 

The worst conductors of electricity suffer much greater changes of tem- 
perature by the same charge than the best conductors. The chai^ of elec- 
tricity which only elevates the temperature of one conductor, will sometimes 
render another red hot, and will volatilize a third. 

The heat developed in the passage of electricity through 
combustible or explosive substances, which are imperfect 
conductors, causes their combustion or explosion. 

If gunpowder be scattered over dry cotton loosely wrapped round one end 
of a discharging-rod, it may be ignited by the discbarge of a Leyden jar. 

In the same way powdered resin may be inflamed. 

Ether or alcohol may be also fired' by passing through it an electric dis- 
charge. Let cold water be poured into a wine-glass, and let a thin stratum 
of ether be carefully poured upon it. The ether being lighter will float on 
the water. Let a wire or diain connected with the prime conductor of a 
machine be immersed in the water, and, while the machine is in action, pre- 
sent a metallic ball to the surface of the ether. The electric charge will pass 
from the water through the ether to the ball, and will ignite the ether. 

If a person standing on an insulated stool touches the prime conductor 
with one hand, and with the other transmits a spark to the orifice of a gas- 
pipe from which a current of gas is escaping, the gas will be ignited. 

By the friction of the feet upon a dry woolen carpet, sufficient electricity 
may be often excited in the human body to transmit a spark to a gas-burner, 
and thus ignite the gas. 

If we bring a candle with a long snuff, that has just boon extinguished, 
near to a prime conductor, so that the spark passes from the conductor, 
through the smoke, to the candle, it may be relighted. 

isttie electric The clectric fluid is not itself luminous ; but 
fluidluminous? j^g motiou ovcr imperfect conductors, or from 
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one conducting substance to another, is generally attended 
with an exhibition of light. 

M t li ht be '^^^ Strongest electric charges that can be accumulated 
regarded as a in a body will never afford the least appearance of light so 
SectrSv? *' ^°^^ ^ ^ ®^*® ^^ electric equilibrium exists, and the electric 
fluids are at rest Light, therefore, must not be regarded as 
a property of electricity, but as the result of a disturbance occasioned by 
electricity. 

The fur of a cat sparkles when rubbed with the hand in 
fur of a cat cold weather. The reason of this is, that the firiction between 
sparkle ? ^\^q hand and the fur produces an excitation of negative elec- 

tricity in the hand, and positive in the fur, and an interchange of the two 
is accompanied with a spark, or appearance of light 
m.t I. th. When the finger, 
forin of the or a brass ball at 
electriospark? ^^^ ^^^ of a rod, is 

presented to tho prime conductor 
of an electrical machine in action, 
a spark is produced by the passage 
of the fluid from the conductor to 
the finger or the metal This 




spark has an irregular zigzag form, resembling, more or less, the appearance 
of lightning, as shown in Fig. 327. 

Upon what does The IcDgth of tbo elcctnc spark will vary 
eiectrif ^8^'?k ^^^^ ^^® powcT of the machinc. A very 
depend? powcrful machine will so charge its prime 

conductor, that sparks may* be taken from it at the 
distance of 30 inches. 
„ , Ifthepartofei- FiO. 328. 

How does a ^, « , , 

point influence ther of the electri- 

ies which is pre- 
sented to the other has tho form 
of a point, the electric fluid will 
escape, not in the form of a spark, 
but as a brush, or pencil of light, 
the diverging rays of which have sometimes a length of two or three inchea. 
Fig. 328 represen1;s this appearance. 

A substance parting with electricity generally exhibits an irregular spark, 
or flash of light; while a substance absorbing electricity exhibits a brush or 
glow of light 

What ia the Thc rapidity of the electric light is marvel- 
eieSrirsj^i^k? ous ; and it has been experimentally show^ 
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Fig. 329. 



that the duration of the light of the spark does not 
exceed the one-millionth part of a second.* 

When the coDtinuity of a substance conducting electricity is interrapted, a 

spark will be produced ot every point where the course of the conductor is 

broken. 

A great variety of beautiful experiments may bo performed to illustrate 

this principle. Thus, upon t£ piece of glass may be placed at a short distance 

from each other any number of bits or 

pieces of tin-foil, as is represented by 

Pig. 329 ; when the metal at either end 

is connected with the prime conductor 

of an electrical machine, the sparks will 

pass from one piece of tin-foil to the 

other, and form a stream of beauti^ 

light. By varying the position of the 

pieces of tin-foil, letters, or any other devices may be exhibited at the pleasure 

of the operator. 

In a like manner, by lasten- 

FlG. 330 ing by means of lac-varnish a 

spiral line of pieces of tin-foil 

rn/' o^<fi^ ^'* ^^^"^A^o^^'^^y'VVi ^P^^ *^® interior of a tube, as 
V> ^ ^ ^ ^" — ^^ ^' r^ i *^ . n — LIJ ig represented in Fig. 330, a 

serpentine Ime of fire may be 

made to pass from one end of the tube to the other. 




* The arrangement hj which this fact was demonstrated by Mr. Wheatstone of England, 
may be described as follows : — Considerable lengths of copper wire (about half a mile 
being employed), are so arranged, that threy mall breaks occur in its continuity— one near 
the outer coating of a Leyden jar, one n§n the connection wilh the inner coating, and 
another eractly in the middle of the wire— «o that three sparks are seen at every dis- 
eharge, one at the break near the source of excitation, another in the middle of its path, 
and the third close to the point of returning connection ; these, by bending the wire, are 
brought dose together. Exactly opposite to this was placed a metallic speculum, fixed 
on an axis, and made to revolve parallel to the line of the three siutrks. When a spark 
of light is viewed in a rapidly revolving mirror, a long line is seen instead of a point It 
will be obvious that three lines of light will be seen in the revolving mirror everytime a 
discharge takes place, and tfiat if the first or the last differ in the smallest portion of time, 
tliese lines must begin at different points on the speculum. '• 

YHien the mirror revolved slowly, the position of the lines was uniform, thus ~ 

but when the velocity was increased, they appeared thus — ^^^HHH ; those pro- 
duced by the sparks at either end of the wire being constantly coincident, but the spark 
evolved at the break in the middle being slightly behind the other two. From thld, it 
appears that the disturbance commences simultaneously at either «id of a circuit, and 
travels toward the middle. This has been adduced in proof of the two electricities. It 
was thus determined that electricity moves through copper wire at a rate beyond 288,000 
miles in a second. It wUl be evident to any one considering the subject, that the length 
of the line seen in the speculum depends on the duration of the spark. When the mirror 
was made to revolve 800 times in a second, the image of the spark, at 10 feet distance, 
appeared to the eye of the observer to make an arc of about half a degree, and from thii 
ita duration waa calculated.— ITuTit. 
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rponwbatdoei 758. The intensity of the electric light de- 
Se'^^^etcuic pendsboth upon the density of the accurnu- 
light depend? lated electricity, and the density and nature of 
the aerial medium through which the spark passes. 

Thus, the electric light, in condensod air, is very bright, aud in a rarefied 
atmoepbere it is iaint and diffusive, like the light of the aurora borealis ; in 
carbonic add gas the light is white and intense ; it is red and £dnt in hydro- 
gen, jeUow in steam, and green in ether or alcohol 

^ . I^ by means of an air-pump, the air is exhausted fix)m a 

Aoronaii^tbe long cylindrical tube closed at each end with a metallic cap^ 
Imitated f ^^^j ^ current of electricity passed through it, an imitation of 

the appearance of the aurora borealis is produced. When the exhaustion of 
the tube is nearly perfect, the whole length of the tube will exhibit a violet 
red light If a small quantity of air be admitted, luminous flashes will be seen 
to issue from points attached to the caps. As more and more air is admitted, 
the flashes of light which glide in a serpentine form down the interior of the 
. tube will become more thin and white, until at last the electricity will cease 
to be diffused through the column of air, and will appear as a glimmering 
light at the two points. 

759. The crackling noise, or sound which is produced 
by the electric discharge, is attributed to the sudden dis- 
placement of the particles of air, or other medium 
through which the electric fluid passes. 

760. The electric shock, or convulsive sensation occa- 
sioned by the passage of the electric fluid through the 
body of a man, or animal, ff^ supposed to arise from a 
momentary derangement of the organs of the body, ow- 
ing to an imperfection, or difference in the conducting 
power of the solids and fluids which compose them. 

If this derangement does not exceed the power of the parts to recover their 
position and organization, a convulsive sensation is felt, the violence of which 
is greater or less according to the force of electricity«and the consequent de- 
rangement of the organs ; but if it exceeds this limit, a permanent injury, or even 
death, may ensue. 

What are the 761. lu the proccsses hithcrto described 
"gents i^nl! clcctricity has been developed by friction. In 
elit^tricir/?*"^ nature the agents which are undoubtedly the 
most active in producing and exciting elec- 
tricity, are the light and heat of the sun's rays. 

The chaof^e of form or state in bodies is also one of the 
most powerful methods of exciting electricity. 
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Water, in passing into steam bj artificial heat, or in evaporating by the ac- 
tion of the sun or wind, generates large quantities of electricity. Th<i crystal- 
lization of solids from liquids, all changes of temperature, the growth and de- 
cay of vegetables, are also instrumental in producing electrical phenomena. 
Does vital and Receiit investigations have shown that vital 
tio"acxdteei^ action and all muscular movements in man 
^"icity? and animals, develop or produce electricity; it 

may also be shown by direct experiment that a person 
can not even contract the muscles of the arm without ex- 
citing an electrical action. 

Certain animals are gifted with the extraordinary power of producing at 
pleasure considerable quantities of electricity in their system, and of commu- 
nicating it to other animals, or substances. Amoug these the electrical eel 
and the torpedo are most remarkable, the former of which can send out a 
charge sufficient to knock down and stun a man, or a horse. The electricity 
generated by these animals appears to be the same in character as that pro- 
duced by the electiical machine. 

762. It has of late become the habit with many to regard 
reason in as- electricity as the agent of all phenomena in the natural world, 
kn Jlrn oheno^ *^® cause of which may not be apparent. For this there is no 
mena to eiec- good reason. Electricity is diffused through all matter, and 
tricity? jg ^^^^ active, and many of its phenomena c^m not be satis&c- 

torily explained ; but it is governed, hke all other forces of nature, by cer- 
tain fixed laws, and it is by no means a necessary agent in all the operations 
of nature. It therefore argues great'ignorance to refer without examination 
every mysterious phenomenon to the influence of electricity. 

SECTION I. 

ATMOSPHEBIO BLEOTBICITT. 

DoMPiectricity 763. Elcctricity is always found in the air, 
mo? h^*e?**^ and appears to increase in strength and quan- 
tity with the altitude. 
What kind of It is sometimes different in the lower re- 
di^S^ ** gions from what it is in the upper, being posi- 
moi^h^MV**" tive in one and negative in the other ; but in 
the ordinary state of the atmosphere, its elec- 
tricity is invariably positive. 

When the sky is overcast, and the clouds are moving 
in different directions, the atmosphere is subject to great 
and sudden variations, rapidly changing from positive 
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to negative, and back again in the space of a few min- 
utes. 

^ ^ The principal causes which are supposed to 

p..vii tl» C5. 1- produce electricity in the atmosphere are, 
in*°i^ auilu*. evaporation from the earth's surCice, chemical 

**" changes which take phice upon the earth's 

surfiice, and the expansion, condensation, and variation of 
temperature of the atmosphere and of the moisture con- 
tained in it 

When a sabstanoe is borning; positive electricity escapes fiom it into the 
atmosphere^ while the substance itself becomes negativelj electrified. Thus 
the air becomes the leceptaclo of a vast amount of positive electricity- gener* 
ated in this manner. 

^^ The atmosphere is most highly charged with 

•tnKMphere clcctricity whcu hot weather succeeds a series 
charged with of wct davs. Or wct wcathcr follows a Bucces- 

«lactiieit]rr . x»j J 

sion of dry days. 

There is more electricity in the atmosphere during the 
cold of winter than in the summer months. 

Lightning is accumulated electricity, generally dis- 
charged from tlie clouds to Jhe earth, hut sometimes 
from the earth to the clouds. 

Who flMt 08- T64 The identity of lightning and electric- 
S^ *^ ity was first established by Dr. FrankHn, at 
l^^r* Philadelphia, in 1752. 

The manner in which this fact was demonstrated was as fol- 

Describe PrmiA- Jqws : — Having made a kite of a large silk handkerchief stretch- 

lin's expert- , „ ,,, . ••.. 

ment ed upon a frame, and placed upon it a pointed ux)n wire con- 

nected with the string, he raised it upon the approach of 

a thimder-stonzL A key was attached to the lower end of the hempen 

string holding the kite, and to this one end of a silk rihbon was tied, 

the other end being fastened to a post The kite was now insulated, 

and the experimenter for a considerable time awaited the result with 

great solicitude. Finally, indications of electricity began to appear on the 

string; and on Franklin presenting his knuckles to the key, he received 

an electric spark. The rain beginning to descend, wet the string, increased 

its conducting power, and vivid sparks in great abimdance flashed from 

the key. Jj'ranklin afterward charged Leyden jars with lightning, aiid 

made other experiments, similar to those usuaUy performed with electrical 

machines. 
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Why was this '^^^ experiment, as thus performed, was one of great risk 
experiment one and danger, since the whole amount of electricity contained in 
gerf *** ^^' *^® thunder-cloud was liable to pass from it, by means of 

insulator.* 



the string, to the earth, notwithstanding the use of the silk 



What is th ^rom whatever cause electricity is present in the air, the 

cause of light- clonds appear to collect and retain it ; and when a cloud over- 
"^"S ^ charged with electric fluid approaches another which is under- 

charged, the fluid rushes from the former into tbe latter. In a like manner, 
the fluid may pass from the cloud to the earth, and in such cases elevated 
objects upon the earth's surface, as trees, steeples, etc , appear to govern its 
direction. 

h t When a cloud highly charged with electricity is near to the 
circurastances earth, the surface of the earth, for a great extent, may also 
^as8 frora^the ^^^ome highly charged by induction ; and when the tension 
earth to the of the electricity becomes suflBciently great, or the two elec- 
douds? ^pJQ surfaces come sufficiently near, a flash of lightning not 

unfrequently passes from the earth to the clouds. In this way an equilibrium 
of the two elements is restored. 

Lightning clouds are sometimes greatly elevated above the surface of the 
earth, and sometimes actually touch the earth with one of their edges ; they 
arc, however, rarely discharged in a thunder-storm when they are more than 
•JOO yards above the surface of the earth. 

How man '^^^' I'lghtning has been divided into three 

ki»^8of ughj^ kinds, viz., zigzag, or chain-lightning, sheet- 
lightning, and ball-lightning. 

Explain the • The zigzag, or forked appearance of lightning, is believed to 
Sverse appear- ^^ occasioned by the resistance of the air, which diverts the 
ance of light- electric current from a direct course. The globular form of 
"*^ lightning sometimes observed, is not satisfactorily accounted 

for. What is called "sheet," or "heat" lightning, is sometimes the reflection 
in the atmosphere of lightning very remote, or not distinctly visible ; but gen- 
erally this phenomenon is occasioned by the play of silent flashes of electricity 
between the clouds, the amount of electricity devek)ped not being sufficient to 
produce any other effects than the mere flash of light. 

766. The usual explanation of thunder is, 

cause of thun- that it is due to a sudden displacement of the 

particles of air by the electrical current. Others 

have supposed that the passage of the electricity creates 

• When the experiment was subsequently repeated in France, streams of electric fire, 
nine and ten feet in length, and an inch in thickness, darted spontaneously with loud re- 
ports from the end of the string confining the kite. During the succeeding year, Prof. 
Richman of St Petersburg, in making experiments somewhat similar, and haying big 
apparatus entirely insulated, was immediately killed. 

17* 
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a vacuum, and that the air rushing in to fill it produces 
the souod. Every explanation that has yet been oflfered 
is somewhat unsatisfactory. 

The rolling of the thuader has been aacribed to the effect of edio, bnt tbls 
undoubtedly is not the only cause. The rolling of thunder is heard as ^er- 
fectly at sea as upon land, but there none of the causes which are generallj 
supposed to produce echo, as moiutains, hills, buildings, etc., etc, are present 
Another, and perhaps the true reason Ib, that the sound is developed hy the 
lightning in passing through the air, and consequently separate sounds are 
produced at every point through which the lightning passes, 
wh d th n- Thunder-storms prevail most in the torrid zone, and decrease 
der storms in frequency toward either pole. In the arctic regions thunder- 
mostpreraiir gtorms seldom or never occur. As respects time^ they are 
most frequent in the summer months. 

What is called a thunder-storm may be considered to 
be merely an effort of nature to effect an eqoilibrium of 
forces which have become disturbed. 

__ 767. A knowledge of the laws of electricity has enabled 

lightning con- man to protect himself from its desti-uctive influences. Light- 
faItiSi"cad^'** - ning-rods, or conductors, were first introduced by Dr. Frank- 
lin. He was induced to recommend their adoption as a means 
of protection to buildings, eta, ftom observing that electricity could be quietly 
and gradually withdrawn from an excited surface by means of a good con- 
ductor, which was pointed at its extremity. 

What is a -A.S ordinarily constructed, a Hghtning-con- 
lightning.rod? ^uctor coDsists of a mctal rod fixed in the 
earthy running up the whole height of a building and ris- 
ing to a point above it. 

The best metal that can be used for a light- 
How should a , _ . ,« . . 1 t 1 

lightning-rod DiDg-rod 18 coppcf ; if irou is used, the rod 
^^"^ ° should not be less than three quarters of an 
inch in diameter. When only one rod is used, it should 
be continuous from the top to the bottom, and an entire 
metallic communication should exist throughout its whole 
length. This law is violated when the joints of the several 
parts that form the conductor are imperfect, and when the 
whole is loosely put together. 

The rod should also be of the same dimensions through- 
out. The rod is best fastened to the building by wooden 
supports. If there are masses of metal about the build- 
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ing, as gutters, pipes, etc., they should be connected with 
the rod by strips of metal, and directly, if possible, with 
the ground. The lower end of the rod, where it enters 
the ground, should be divided into two or three branches, 
and turned from the building. 

It ought also to extend so fiir below the surface of the ground as to reach 
water, or earth that is permanently damp. It is, moreover, a good plan to 
bury thei end of the lightning-rod in powdered charcoal, since this pre- 
serves in a measure the iron from rust, and facilitates the passage of the 
electricity. 

A building will be most perfectly protected when the lightning-conductor 
has several branches, with pointed rods projecting freely in the air from dis- 
tant summits of the building, and connected with the main rod. 

Professor Furaday advises that lightning-conductors should be arranged 
upon the inside of buildings rather than upon the outside. 

What space -^ lightuing-conductor of sufficient size is 
J^JroteJt?*^' l^elieved to protect a circle the diameter of 
which is four times the length of that part of 
the rod which rises above the building. Thus, if the rod 
rises two feet above the house, it will protect the building 
for (at least) eight feet all round. 

A lightning-conductor may be productive of harm in two 

lightning-rod ways ; if the rod bo broken or disconnected, the electric fluid, 

of hara?°°**^^ being obstructed in its passage, may enter the building; and 

if the rod be not large enough to conduct the whole current 

to the earth, the lightning will fuse the metal and enter the building. 

A lightning-conductor protects a building even when no visible discharge 
takes place, by attracting the electricity of an approaching cloud, and caus- 
ing it to pass off silently and quietly into the earth. This process commences 
as soon as the cloud has approached a position vertically over the rod. 
,^, * 168. As regards safety in a thunder-storm, it is prudent, if 

are safe and out of doors, to avoid trees and elevated objects of every 
oa8*in a*SSinI ^^^ which the lightning would be likely to strike in its pas- 
der-fltorm? sago to the earth. A stream of water, being a good conduo- 

ductor, should be avoided. 

If within doors, the middle of a carpeted room is tolerably safe, provided 
there is no lamp hanging from the ceiling. It is prudent to avoid the neigh- 
borhood of chimneys, because lightning may enter the room by them, soot 
being a good conductor. For the same reason, a person should remove as 
far as possible from metals, mirrors, and gilt articles. The safest position that* 
can be occupied is to lie upon a bed in the middle of a room — ^feathers and 
hair being excellent non-conductors. In aU cases, the position of safety is 
that in which the body can not assist as a conductor to the lightning. The 
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position of surroanding bodies most therefore be attended to^ wheth^ a ^^^ 
son be insulated or not. 

The apprehension and solicitade respecting lightning are proportionate to 
tiie magnitude of the evUs it produces, rather than the frequency of its oocur- 
lenoe. The chances of an individual beiiig killed bj lightning are infinitely 
less than those which he encounters in his daily walks, in his occupation, or 
eyen during his sleep from the destruction of the house in which he lodges by 
fire. 

How mre the ^^^' ^^^ mechanical power exerted by light- 
°^**"f Xb^ °^°8 ^ enormous and difficult to account for. 
j^ingaecoaiited Arago supposcd that the heat of the light- 
ning in passing through any substance, in- 
stantly converted all the moisture contained in it into 
steam of a highly explosive character, and that the great 
mechanical effects observed are due to this agent rather 
than to the direct effect of the electric current. A tem- 
perature that can instantly render iron red hot, is known 
to be sufficient to generate steara of such an elastic force 
that it would overcome all obstacles, and if the water con- 
tained in the pores of bodies is at once converted into 
steam of this character, its force would be capable of pro- 
ducing any of the mechanical effects witnessed in lightning 
discharges. 

Another theory supposes that the natural electricities 
of non-conducting bodies are forcibly decomposed by the 
presence of the electric fluid which forms the lightning, 
and that their violent separation forces every thing asun- 
der which tends to confine them. 

What la the 770. The phenomenon of the aurora borcalis 
S?!?*UHjSil? is supposed to be due to the passage of electric 
currents through the higher regions of the 
atmosphere — the different colors manifested being pro- 
duced by the passage of the electricity through air of dif- 
ferent densities. 

Where does the ^^ ^^ northern hemisphere the aurora al- 
aororaappeart ^^^^ appears iu the uorth, but in the south- 
em hemisphere it appears in the south ; it seems to origin- 
ate at or near the poles of the earth, and is consequently 
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seen in its greatest perfection within the arctic and an- 
tarctic circles.* 

The aurora is not a local phenomenon, but is seen simultaneouslj at places 
widely remote from each other, as in Europe and America. 

The general height of the aurora is supposed to be between one and two 
hundred miles above the surface of the earth ; but it sometimes appears 
within the region of the clouds. 

Auroras occur more frequently in the winter than m the summer, and are 
only seen at night. They atfeet in a peculiar manner the magnetic needle 
and the electric telegraph, and as the disturbances occasioned in these in- 
struments are noticed by day as well as by night, there can be no doubt of the 
occurrence of the aurora at all hours. The intense light of the sun, however, 
renders the auroral light invisible durmg the day. 

FiQ. 331. 




The accompanying figure represents one of the most beautiful of the au- 
roral phenomena. 

It has often been asserted, and on good authority, that sounds have been 
heard attending the phenomena of the aurora, like the rustling of silk, or the 
sound and crackling of a fire. On this point, however, there is great differ- 
ence of opinion. 

Auroras appear to be subject to some variation in their appearance, expend- 
ing through a circle of years. Thus, from 1705 to 1752, the northern lights 
became more and more frequent, but after that for a period they were seen but 
rarely. Smce 1820 they have been quite frequent and brilliant 

• In the arctic and antarctic circles, when the sun is absent, the aurora appears with a 
magnificence unknown In other regions, and affords light sufficient for many of the ordi- 
nary oui*door employments. 



CHAPTER IVI. 

GALVANISM. 

whAi if Gal. *^71- Electricity excited or produced by 
Sdfyf ^*^ the chemical action of two or more dissimilar 
substances upon each other is termed Gal- 
vanic, or Voltaic Electricity, and the department of 
physical science which treats of this form of electrical 
disturbance is called G-alv^nism. 

wiiat simple ^hc most simple method of illustrating the 
i2S*fcM°*thi production of galvanic electricity is by placing 
gS^i5c*^"©io^ a piece of silver (as a coin) on the tongue, and 
tridtyf a piece *of zinc underneath. So long as the 

two metals are kept asunder no effect will be noticed, but 
when their ends are brought together, a distinct thrill will 
pass through the tongue, a metallic taste will diffuse itself, 
and, if the eyes are closed, a sensation of light will be evi- 
dent at the same moment. 

This result is owing to a chemical action which is developed the moment 
t' e two metals touch each other. The saliva of the tongue acta chemically 
upon, or oxydizes a portion of the zinc, which excites electricity, for no chem- 
ical action ever takes place without producing electricity. Upon bringing 
the ends of the two metals together, a slight corrent passes from one to the 
other. 

If a living fish, or a frog, having a small piece of tin foil on its back, be 
placed upon a piece of zinc, spasms of the muscles will be excited whenever 
a metallic communication is made between the zinc and the tin-foil. 

When and how The prodiictiou of electricity by the chemi- 
Sectiifiti''*d^ cal action of two metals when brought in con- 
covered? ^^^^^^ ^^g gj.g^ noticcd by Galvani, professor of 

anatomy at Bologna, Italy, in 1790. 

His attention was directed to the subject in the following manner: — ^Ilav- 
ing occasion to dissect several fro;?s, ho hung up their hind legs on some cop- 
per hooks, until he might find it necessary to use them for illustration, In 
this manner he happened to suspend a number of the copper hooka on an 
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iron balcony, when, to his great astonishment, the limbs were thrown into 
violent convulsions. On investigating the phenomenon, he found that the 
mere contact of dissimilar metals with the moist surfaces of the muscles and 
nerves, was all that was necessary to produce the convulsions. 

FiQ, 332. 




This singular action of electricity, first noticed by Galvani, may be experi- 
mentally exhibited without diflaculty. Fig. 332 represents the extremities 
of a frog, with the upper part dissected in such a way as to exhibit the nerves 
of the legs, and a portion of the spinal marrow. If we now take two thin 
pieces of copper and zmc, Z, and place one under the nerves, and the other 
in contact with the muscles of the leg, we shall find that so long as the two 
pieces of metal are separated, so long will the limbs remain motionless; but 
by making a connection, instantly the whole lower extremities will be thrown 
into violent convulsions, quivering and stretchmg themselves in a manner too 
singular to describe. If the wire is kept closely in contact, these phenomena 
are of momentary duration, but are renewed every time the contact is made 
and broken. 

Galvani attributed these movements of the muscles to a 
kind of nervous fluid pervading the animal system, similar to 
the electric fluid, which passed from the nerves to the mus- 
cles, as soon as the two were brought in communication with 
each other, by means of the metallic connection, in the same way as a dis- 
charge takes place between the external and internal coatings of a Leyden 
jar. He therefore called the supposed fluid animal electricity. 



To vhat. did 
Galrani attri- 
bute these phe- 
a? 
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Wh»t wM de- ^® experimentB of Galvani were repeated by Volta, an 
termii ed by eminent Italian philosopher, who found that no electrical or 
Volte? nervous excitement took place mileas a communication be- 

tween the muscles and the nerves was made bj two different metals, as cop- 
per and ux)n, or copper and zinc. He considered that electricity was produced 
by simple contact of the dissimilar metals, positive electricity being evolved from 
the one and negative electricity from the other. 

What is the The true cause of electrical excitement occa- 
JiIi^tridtTde' sioned by the contact of dissimilar metals is 
J^7^\tt^: oow fully ascertained to be chemical ac- 
eotmeteiBf |Jqjj . ^jj^j rcccnt researches have also proved 
that no chemical action ever takes place without the de- 
velopment of free electricity. 

The electricity produced by chemical action has been 
termed Galvanic, or Voltaic Electricity, in honor of Gal- 
vani and Volta, who first developed its phenomena. 
How docs fcai- 772. Galvanic electricity, or the electricity 
from ordhial^ dcvcloped by chemical action, diiSfers from fric- 
eiectricityf tional, Or Ordinary electricity, chiefly in its 
continuance of action. The electricity developed by fric- 
tion from a jijlass plate, or the cylinder of an electrical 
machine, exhibits itself in sudden and intermittent shocks, 
accompanied with a sort of explosion ; whereas that which 
is generated by chemical action is a steady, flowing current. 

The fundamental principle which forms the basis of the science of galvanic 
electricity is as follows : 

Any two metals, or more generally, any two 
fomstho^baril different bodies which are conductors of elec- 
of ^^vridS tricity, when jjlaced in contact, develop elec- 
eiectncity tricity by chemical action — positive electricity 

flowing from the metal which is acted upon most power- 
fully, and negative electricity from the other. 

In ffeneral, that metal which is acted upon 

What are eleo- ^., . tiix •• i 

tro-positive mos t casi ly IS termed the e lectro-posi tive metal, 
negative eic- or clcment ; and the other the elect ro-nega- 
*"*" tive metal, or clement. 

The electrical force or power generated in this way is 
called the electro-motive force. 
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What is the 
practical meth- 
od of exciting 
galvanic eleo- 
tricit7? 



773. Diflferent bodies placed in contact manifest differ- 
ent electro-motive forces, or develop different quantities 
of electricity. 

„ Bodies capable of developing electricity by contact may be 

i»s capable of arranged in a series in such a manner that any one placed in 
So?motiy ^^°" contact with another holding a lower place in the series, will 
forces be dassi. receive the positive fluid, and the lower one the negative fluid ; 
®*^' and the more remote they stand from each other in the order 

of the serieS) the more deddedly will the electricity be developed by their 
contact 

The most common substances used for exciting galvanic electricity may be 
arranged in such a series as follows : — ^zinc, lead, tin, antimony, iron, brass, 
copper, silver, gold, platinum, black lead or graphite, and charcoal. 

Thus, zinc and lead, when brought in contact, will produce electricity, but 
it will be much less active than that produced by the union of zinc and iron, . 
or the same metal and copper, and the last less active than zinc and platinum 
or zinc and charcoal. 

714 In the production of galvanic electricity for practical 
purposes, it is necessary to have a combination of three dif- 
ferent conductors, or elements, one of which must be solid 
and one fluid, while the third may be either sohd or fluid. 
The process usually adopted is to place between two plates 
of different kinds of metal a liquid capable of exciting some chemical action 
on one of the plates, while it has no action, or a different action upon the 
other. A communication is then formed between the two plates. 

What is a Gal- When two metals capable of exciting elec- 
vanic Circuit? trfcity are so arranged and connected that the 
positive and negative electricities can meet and flow in 
opposite directions, they are said to form a galvanic cir- 
cuit, or circle. 

Describe asim. ^ ^®^ ^^"°P^®' ^^^ 

pie GalvaDic at the same time an ac- 
Battery. ^^^ galvanic circuit may 

be formed by an arrangement as repre- 
sented in Fig. 333. G and Z are thin 
plates of copper and zinc unmersed in a 
glass vessel containing a very weak so- 
lution of sulphuric acid and water. 
Metallic contact can be made between 
the plates by wires, X and W, which 
are soldered to them. If now the wires 
are connected, as at Y, a galvanic cir- 
cuit will be formed ; positive electricity 
passing from tho zinc through the liq- 



Fia. 333. 
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txid, to the copper, and from the copper along the condncting-wirea to the 
zinc, as indicated by the arrows in the figure. A current of negative eleo- 
tricity at the same time traverses the circuit also, from the copper to the 
zinc, in a direction precisely reversed. 
Such an arrangement is called a simple galvanic battery. 

What are the The two metals forming the elements of the 
wcUtte^f* battery are generally connected by copper 
wires ; the ends of these wires, or the terminal 
points of any other connecting medium used^ are called the 
poles of the battery. 

Thus, when zinc and copper plates are used, the end of the wire conveying 
positive electricity from the copper would be the positive pole, and the end of 
the wire conveying negative electricity from the zinc plate would be the 
negative pola Faraday describes the poles of the battery as the doors by 
which electricity enters into or passes out of the substance suffering decom- 
position, and in accordance with this view he has given to the positive pole 
the name of anodA, or ascending way, and to the negative pole the name of 
caihode^ or descending way. 

At what point Thc manifestations of electricity will be most 
\l ^ec^ty apparent at that point of the circuit where the 
nSSStodf two currents of positive and negative electricity 
meet. 

_. . When the two wires connecting the metal plates of a bafc- 

cuit said to be tery are brought in contact, the galvanic circuit is said to be 
closed ? closed. No sign of electrical excitement is then visible ; the 

action, nevertheless, continues. The opposite electricities collected at the 
poles, in particular, neutralize each other perfectly on meeting ; every trace 
of electricity must therefore vanish, as when a Leydcn jar is discharged, if a 
fresh quantity were not continually produced by the pairs of plates. If the 
wires which conduct the two electricities be slightly disconnected, a spark 
will be observed at the point of interruption. 

In the formation of a galvanic circuit, by the employment 
theory^of the of two metals and a liquid, the chemical action which gives 
production of j^gg ^^ ^Jjq electricity takes place through a decomposition of 
^dt^. the liquid. It is, therefore, essential to the formatkm of an 

active galvanic circuit, that the liquid employed should be ca- 
pable of being decomposed. Water is most conveniently applicable for this 
purpose. When a plate of zinc and copper are immersed in water, the ele- 
ments of the water, oxygen and hydrogen, are separated from each other, in 
consequence of the greater attraction which the oxygen has for the zinc. The 
oxygen, therefore, unites with the zinc, and by so doing produces an altera- 
tion in the electrical condition of the metal. The zinc communicating its nat- 
ural share of electricity to the liquid, becomes negatively electrified. The 
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copper attracting the same electricity from the liquid, becomes positively 
electrified, ; at the same time the hydrogen, which is the other element of 
the water, is also attracted to the copp- r, and appears in minute bubbles upon 
its surface. If the two metal plates be now connected with metallic wires, 
positive electricity will flow from the copper and negative electricity from the 
zinc, and by the union of these two an electric current will be formed.* 

With water alone and two metal:^, the quantity of electricity excited is very 
small, but by the addition of a small quantity of some acid, the excitement is 
greatly increased. 

Although two metal plates are employed in the arrangement 
necessity of two described, only one of them is activ^e in the excitement of elec- 
™®*?^*^" Ml*?' tricity, the other plate serving merely as a conductor to collect 
the force generated. A metal plate is generally used for this 
purpose, because metals conduct electricity much better than other substances 
exposing an equal surface to the fluids in which they are immersed ; but other 
conductors may be used, and when a proportionately larger surface is ex- 
posed to compensate for inferior conducting power, they answer as well, and 
in some instances better, than metal plates. Thus charcoal is very often em- 
ployed in the place of copper, and a very hard material obtained from the in- 
terior of gas retorts, called graphite, is considered one of the best conductors. 

Two metals are not absolutely essential to the formation of a simple gal- 
vanic circuit A current may be obtained from one metal and two liquids, 
provided the liquids are such that a stronger chemical action takes place on 
one side of the metal plate than on the other. 

In some electric batteries also, two metals and two dissimilar liquids are 
employed. 

775. The electricity developed by a simple 

How may gal- . . -^ ^ -> ^ 

yanic action be galvaiiic circuit, Whether it be composed oi 
two metals and a liquid, or any other combin- 
ation, is exceedingly feeble. Its power can, however, be 
increased to any extent by a repetition of the simple com- 
binations. 

* The terms "electric fluid" and " electric current,** irhich are frequently employed in 
describing electrical phenomena, are calculated to mislead the student into the supposi- 
tion that electricity is known to be a fluid, and that it flows in a rapid stream along the 
wires. Such terms, it should be understood, are founded merely on an assumed analogy 
of the electric force to fluid bodies. The nature of that force is unknown, and whether its 
transmission be in the form of a current, or by vibrations, or by any other means, is un- 
determined. 

In a discussion which took place some years since at a meeting of the British Associa- 
tion for the Advancement of Science, respecting the nature of electricity, Professor Fara- 
day expressed his opinion as follows : — " There was a time when I thought I knew some- 
thing about the matter ; but the longer I live, and the more carefully I study the subject, 
the more convinced I am of my total ignorance of the nature of electricity." 

" After such an avowal as this," says Mr. Bakewell, " from the most eminent electrician 
of the age, it is almost useless to say that any terms which seem to designate the form of 
electrieity are merely to be considered as convenient conventional ezpressfens.'* 
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The first attempt to increase Fia. 334. 

the power of a galvanic circuit 

by increasing the number of 
tbe oombmations, was made by Volta. He 
constructed a pile of zinc and copper plates 
with a moistened cloth interposed between 
each. He commenced with a zinc plate, upon 
which he placed a copper plate of tbe same 
size, and on that a circular piece of doth pre- 
viouslj soaked in water sligbtlj acidulated. 
On the doth was laid another plate of zinc, 
then copper, and again doth, and so on in suc- 
cession, until a pile of fifty series of alternate 
metal plates and moistened dotbs was formed, 
the terminal plate of the series at one end being 
copper and at the other end zinc. A. metallic 
wire attached to the highest copper plate will 
constitute the positive pole, and another to the lowest zinc plate the negative 
pole of such a serieSb 

Pig. 334 represents Yolta's arrangement of metal plates and wet doths, 
with the metallic wires, which constitute the poles. 

Such combinations are denominated Voltaic Piles, or 
Voltaic Batteries, and very often Galvanic Batteries. 

As two dififerent metals and an interposing liquid are generally employed 
for this purpose, it has been usual to call these combinations pairs or elements; 
so that the battery is said to consist of so many pairs or elements, each pair 
or element consisting of two metals and a liquid. 

176, Voltaic piles or batteries have 
been composed and constructed in 
a great variety of forms, by combin- 
ing together in a series various sub- 
stances which excite electricity when 
acted upon chemically. 

Thus, they have been constructed entirely of veg- 
etable substances, without resorting to the use of 
any metal, by placing discs of beet-root and walnut- 
wood in contact With such a pile, and a leaf of 
grass as a conductor, convulsions in the muscles of a 
dead fit)g are said to have been produced. Other 
experimentalists have formed voltaic piles wholly 
of animal substances. 

A perfectly dry Voltaic pile, known 
Describe Zam- /• •. • ^ ry \ ■■, wi 

boui's Tile. "^"^ ^ts mventor as ZamboQis Pile, 

may be formed of sheets of gilded 

paper and sheet zma If several thousands of these 



Of what sub- 
stances have 
voltaic piles 
been constract- 
edf 
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be packed together in a glass tube, so that their similar metallic faces \hal] 
all look the same way, and be pressed tightly together at each end by metallic 
plates, it will be found that one extremity of the pile is positive and the 
other negative. Such a series will last more than twenty years, but it re- 
quires as many as 10,000 pairs to afford sparks visible in daylight, and to 
charge the Leydon jar. 

¥ig. 335 represents a pair of these piles, so arranged as to produce what 
has been called a perpetual motion. Two piles, P N, are placed in such a 
position that their poles are reversed, and between them a light pendulum, 
vibrating on an axis and insulated on a glass pillar. This pendulum is alter- 
nately attracted to one and then to the other, and thus rings two little bells 
connected with the positive and negative poles. 

The galvanic batteries in practical use at the present time differ consider- 
ably in form and efficiency, but the principle of construction in all is the same 
as that of the original voltaic pile. 

^ -.^ .V A veiT effective PiO. 336. 

Describe the "^ , . 

trough battery, arrangement known 

as the trough bat- 
tery, is represented in Fig. 336u 
This consists of a trough of wood 
divided into water-tight cells, or 
partitions, each cell being arranged 
to receive a pair of zinc and copper 
plates. The plates are attached to 
a bar of wood, and connected wifh 
one another by metallic wires, in 
such a way that every copper plate 
is connected with the zinc plate of 
the next cell The battery is excited by means of dilute sulphuric acid poured 
into the cells, and the current of electricity is directed by wires soldered to the 
extreme plates. When the battery is not in use the plates may be raised from 
the trough by means of the wooden bar. 

The battery by which Sir Humphrey Davy effected his splendid chemical 
discoveries was of this form, and consisted of two thousand double plates of 
copper and zinc, each plate having a surface of thirty-two square inchea 
Now, however, by improved arrangements, we can produce with ten or 
twenty pairs of plates, effects every way superior. 
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Deacrib« Smee^t 
battery. 



FlO. 338. 



What H the 
tolphate oteop- 
per battery f 




In otiMT and man eflkaent oompoand galvaiiic cinniitB, the excSBng Bqidl 
is placed in a series of separate caps, or glasses, arranged in a drde, or in 
parallel lines. Each cap contains one zinc and one copper plate, not imme- 
diately in connection with each other, bat every zinc plate of one cup is con 
nected with the copper plate of the preceding, by a copper band, or wire. 
This amuigement is repreaented in Fig. 337, the copper plate, and the direo 
tion of the positive current being iodicated by the sign +, and the zinc plate 
and the direction of the negative cnrrent by the sign — ^. 

The simplest form of galvanic battery at present used is 
that invented by Mr. Smee, and known as Smee's battery 
(See fig. 338.) It oonsista of a plate of silver coated with 
platinam, suspended between two plates <^ zinc, s 2, the sar- 
Aces of whioh last have been coated with mercury, or amal- 
gamated, as it is called.* The three are attacdied to a wooden 
bar, which serves to support the whole in a tumbler, G, par- 
tially filled with a weak solution of sulphuric acid and water. 
The wires, or poles for directing the corrrait of electricity are 
connected with the zinc and platinum plates by small screw- 
caps, S and A. 

Another form of battery, called the sulphate 
of copper battery, from the fact that a solution 
of sulphate of copper (blue vitriol) is used as 
the exciting liquid, is represented by Fig. 339. It consists of two ooncentrie 
pyiindera of copper tightly soldered to a copper bottom, 
and a zinc cylinder, Z, fitting in between them. The 
zinc cylinder, when let down into the solution, is pre- 
vented fiom touching the copper by means of three 
pieces d wood or ivory, shown in the figure. Two 
screw-cups for holding the connecting wires are at- 
tached, one to the outer copper cylinder, and the other 
to the zina 

The principal imperfection of the gal- 
vanic battery is the want of uniformity 
in its action. In all the various forms 
the strength of the electric current ex- 
cited continually diminishes from the moment the battery 
action commences. In the sulphate of copper battery, especially, the power 
is redaced to almost nothing in a comparatively brief space of time. This ifl 
is cbiefiy owing to the circumstance that the metallic plates soon become 
coated with the products of the chemical decomposition, the result of the 
chemical action, whereby the electricity is developed. 

This difficulty is obviated, in a great degree, by the nse of a diaphragm, or 
porous partition, between the two metallic plates, which allows a free contact 

* It l8 found that by coating the zinc with mensury, the waste of the zinc Is greatly 
diminished. It is not well understood in what way the mercury contributes to this effect. 
We have a parallel to it in the rubber of the electrical machine, which, when coated wil^ 
an amalgam of ziuc and tin, acts with greater efficiency thaa under any other dronm 
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Fig. 340. 



Whftt is the 
construction of 
Grore's bat- 
tery? 




of the liquid on each side, within its pores, but prevents the solid products 
of decomposition from passing from one plate to the other. 
Describe Dan- I^a^iel's constant battery, constructed according to this 
iei*8 constant principle, and represented in Fig. 340, maintains an effective 
^'toy galvanic action longer 

than any other ; a is a hollow cylinder 
of copper ; z, a sohd rod of amalgam- 
ated zinc; and e, a porous tube of 
earthenware separating the two. 
Diluted sulphuric is placed in the 
porou3 tube, and a saturated solution 
of sulphate of copper in the copper 
cylinder. 

One of the most effi- 
cient batteries is that 
known as Grove's bat- 
tery, from its inventor, and is the form generally used for 
telegraphing and for other purposes in which powerftil galvanic action is re- 
quired. It consists of a plain glass tumbler, in which is placed a cylinder of 
amalgamated zinc, with an opening on one side to allow a free circulation of 
the liquid Within this cylinder is placed a porous cup, or cell, of earthen- 
ware, in which is suspended a strip of platinum festened to the end of a ziao 
arm projecting from the adjoining zinc cylinder. The porous cup containing 
the platinum is filled with strong nitric add, and the outer vessel containing 

the zinc with weak sulphuric 
FlQ. 341, acid. Fig. 341 represents a 

series of these cups, arranged 
to form a compound circuit, 
with their terminal poles, P 
and Z. This form of battery 
is objectionable on account 
of the corrosive character of 
the acids employed, and 
the deleterious vapors that 
arise from it when in ac- 
tion. 

777. The electricity evolved by a single gal- 
ter*^oF^^ISic vanic circle is great in quantity, but weak in 
electricity f intensity. 

These two qualities may be compared to heat of diflferent temperatures. A 
gallon of water at a temperature of lOO'' has a greater quantity of heat than a 
pint at 200*^ ; but the heat of the latter is more intense tlian that of the former. 

What is the dis- The electricity, on the contrary, produced 

ter'^orfriSw ^y friction, or that of the electrical machine, 

electricity? jg gmall in quantity, but of high tension, or 
intensity. 




What Is the dis- 
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murtrate the Frictional electricity ia capable of passing for a considerable 
difierences be- distance through or over a non-conducting or insulating t ub- 
electridtiea!^^ Stance, which galvanic electricity can not do. Thus, the spark 
from a prime conductor will leap toward a conducting sub- 
stance for some distance through the air, which is a non-conductor; but if a 
current of galvanic electricity is resisted by the slightest insulation, or the in- 
terposition of some non-c(xiductiDg substance, the action at once stops. Gral- 
vanic electricity will traverse a circuit of 2,000 miles of wire, rather than make 
a short circuit by overleaping a space of resisting air not exceeding one hun- 
dredth part of an inch. Frictional electricity, on the other hand, will force a 
passage across a considerable interval, in preference to taking a long drcuit 
through a conducting wire, or at least the greater portion of it will pass 
through the air, though some part of the charge will always traverse the wireu 

Frictional electricity produces very slight chemical or heating effects ; gal- 
vanic electricity produces very powerful effects. 

A proper and simple arrangement of a zinc plate and a little acidulated 
water, will produce as much electricity in three seconds of time as a Leyden 
jar battery charged with thirty turns of a large and powerful plate electricsd 
machine in perfect action. The shock received by transmitting this quantity 
of galvanic electricity through the animal system would be hardly perceptible, 
but received from a Leyden jar, would be highly dangerous, and perhaps 
fatal A grain of water may be decomposed and separated into its two ele- 
ments, oxygen and hydrogen, by a very simple galvanic battery, in a very 
short time; but 800,000 such charges of a Leyden jar battery, as above re- 
ferred to, would be required to supply electricity sufficient to accoipplish the 
same result Such a quantity of electricity sent forth from a Leyden jar 
would be equal to a very powerfid flash of lightning. 

xjponwhRtdoea The quantity of electricity excited in a gal- 
?an?c'd^tS vanic circuit is directly proportional to the 
ty depend? amouut of chcmical action that takes place — 
as between the zinc and the acid. By increasing the 
amount of surface exposed to chemical action, we there- 
fore increase the quantity of electricity evolved. 

Hence, gigantic plates have been constructed for the purpose of obtaining 
an immense quantity. 

The intensity of the electricity evolved de- 



iitensity de- pcuds upou the uumbcr of plates, and is great- 



TTpon what does 
iriten 

^^ ' est when the voltaic pile is made up of a great 

number of small plates. 

Supposing an equal amount of surface of copper and zinc employed, the 
shock, and other indications of a strong charge, would be greater if it were 
cut up into many small circles, than if it formed a few large ones. But the 
actual quantity of excitement would be greatest with the large plates. 
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How may vol- 778. When the wire from one end of a vol- 
totewi^teda^ t^-ic battery is connected with the wire from 
renewed? • ^j^g oppositc end, voltaic action instantly com- 
mences ; and it as instantaneously ceases when the con- 
nection is interrupted. The rapidity with which the elec- 
tric circuit may be completed and broken has no ascertained 
limit ; nor does it appear to be controlled by resistance 
caused by traversing miles of wire. 
«rv . .V 779. The most ordinary effects produced by 

What are the _ _ . _ . . . a • -i i • 

imwt ordinary thc dcveloped electricity of a large galvanic 
yanio eiectrici. battery, are the production of sparks and bril- 
liant flashes of light, the heating and fusing 
of metals, the ignition of gunpowder and other inflam- 
mable substances, and the decomposition of water, saline 
compounds, and metallic oxyds. 

Heat is evolved whenever a galvanic cur- 
rant eiectricir rcut passcs ovcr a conducting body, the amount 
evove ea ^^ which wiU dcpcud ou'the quantity and in- 
tensity of the electricity transmitted, and upon the re- 
sistance which the body offers to the passage of the cur- 
rent. 

The metals differ greatly in their conducting power. Thus, if we link 
together pieces of copper, iron, silver, and platinum wire, and pass a galvanio 
current along them, they will be found to be unequally heated, the platinum 
being the most, and the copper the least. 

The easiest method of showing by experiment the heating 
hM3ng**^e*cS power of the galvanic current is to connnect the poles of a 
of galvanic battery by means of a fine platinum wire. If the wu*e is very 
m^toitSf ^ ^^S it ^^^y become hot; shorten it to a certain extent, and 
it will become red-hot; shorten it still more, and it will be- 
come white-hot, and finally melt If such a wire is carried through a small 
quantity of salt water on a watch-glass, the liquid will boQ ; if through alco- 
hol, ether, or phosphorus, they will be inflamed ; if through gunpowder, it will 

be exploded. 

Thispower has been applied to the purpose of firing blasts, 

appUcation haa or mines of gunpowder, an operation which may be effected 
^n made of ^^j^ ^q^jj facility under water. The process is as follows:— 
The wires from a sufficiently powerful battery are connected 
by a piece of fine platinum wire, which is placed in a mass of gunpowder con- 
tcdned in a cavity of a rock, or inclosed in a vessel beneath the surface of 
water. The wire may be of any length, but the moment connection is made 

18 
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with the battery the cxurent passes, rendets the platinum red-hot, and ex- 
plodes the the powder.* 

The greatest artificial heat man has yet sacceeded in pro- 
greatest Ltifl. ducing has been through the agency of the galvanic battery. 
**mi ^\ ^ "^^^ ^^® metals, including platinum, which can not be fused 
by any furnace heat, are readily melted. Grold bums with a 
blaeish light, silver with a bright green flame, and the combustion of the 
other metals is always accompanied with brilliant results. All the earthy 
minerals may be Uquefled by being placed between the poles of a suflBciently 
large battery. Sapphire, quartz, slate, and lime, are readily melted; and 
the diamond itself fuses, boils, and becomes converted into coal. 

How are the 780. The luminous effects of the galvanic 
foSl°"" t^ battery are no less remarkable than its heating 
?!Sl*SinifeItI effects. A very small voltaic arrangement is 
•*' sufficient to produce a spark of light every 

time the circuit is closed or opened. If the two ends of 
wires proceeding from the opposite poles of a battery are 
brought nearly together, a bright spark will pass from one 
to the other, and this takes place even under water, or in 
a vacuum. 

now may the The most splendid artificial light known is 
SSficiai^ught produced by fixing pieces of pointed charcoal 
be produced? ^q i]^q ^^i^qq counectcd with oppositc poles of a 
powerful galvanic battery, and bringing them within a short 
distance of each other. The space between the points is 
occupied by an arch of flame that nearly equals in dazzling 
brightness the rays of the sun. 

This light, which is termed the electric light, diflfers from 

rfectric**^light ^ *^*^®r forms of artificial light, inasmuch as it is independent 

differ from all of ordinary combustion. The charcoal points appear to suffer 

Ughts? ^^ change, and the light is equally strong and brilliant in a 

vacuum, and in such gases as do not contain oxygen, where 

* In the oooTBe of the conBtruction of a railway recently in England, it became neces- 
sary to detach a large mass of rock from a cliff on the sea-coast in order to aroid the ex- 
pense of a long tunneL To have done this by the direct application of human labor and 
the ordinary operations of blasting, would have been attended with an immense expendi- 
ture of time and money. It was accordingly resolved to blow it up with gunpowder, 
ignited by th^galvanic battery. Nine tons of powder were accordingly deposited in cham- 
bers at from 60 to 70 feet from the face of the cliff, and fired by a condncting wire connected 
with a powerful battery, placed at 1,000 feet from the mine. The explosion detached 
600,000 tons' weight of chalk from the cliff. It was proved that this might have been 
equally effected at the distance of 8,000 feet. This bold experiment sayed eis^t months* 
labor and $60,000 expense. 
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all other artificial lights would be extinguished. It may even be produced 
under water. To excite the electricity, however, which occasions this light, 
zinc or some other metal must be oxydized, or what is the same thing burnt, 
the same as oil in our lamps, or coal in the gas retorts for the production of 
other species of artificial hght 

The effects of the galvanic battery upon the 
physiological ncFVcs and muscles of the animal system arfe 
yani/ e^iectlicl of the samc character as those produced by 
' ^ ^ ' ordinary electricity. 

On grasping the two ends of the connecting wires of a battery of some 
force with wet hands, a peculiar tremor will be felt in the joints of the arm 
and hand, accompanied by a slight contortion of the muscles, and increasing 
to a violent shock. This shock is repeated every time a contact between the 
hand and the wire is broken and renewed. The concussion of the nerves of 
the body is, therefore, produced by the entrance and exit of the currents of 
electricity ; for they evidently must pass through the body the moment it forms 
the connecting link between the two poles. 

By a particular arrangement, the« circuit may be closed or interrupted at 
pleasure, and in such a manner that the current may be made to pass alter- 
nately through the wires and the body ; the latter being thus exposed to a 
series of shocks which are considered particularly adapted for the cure of 
diseases arising from the injury or derangement of the nervous sjrstem. It is, 
moreover, a highly valuable remedy in cases of suffocation, drowmng, paraly- 
sis, etc. , and numerous arrangements have been at various tunes proposed 
for the construction of medico-galvanic machines. 

The effects of galvanic electricity on bodies recently deprived of life is very 
remarkable, and it was through an accidental observance of its action upon a 
dead fro^ that galvanism was discovered. By connecting the muscles and 
nerves of recently-killed animals with the poles of a battery, many of the 
movements of life may be produced. Some remarkable experiments of this 
character were made some years since * upon the body of a man recently 
executed for murder at Glasgow, in Scotland. The voltaic battery em- 
ployed consisted of 270 pairs of plates, four inches square. On applying 
one pole of the battery to the forehead and the other to the heel, the 
muscles are described to have moved with fearful activity, so that rage, 
anguish, and despair, with horrid smiles, were exhibited upon the counten- 
ance. 

781. Galvanic electricity is a powerful agent in effecting chemical decom- 
positions, and in its application to such purposes, it is most practically usefuL 

Can gairanio Whcu a curTont of galvaDic electricity is 
fecf'^di'Licfi made to pass through a compound conducting 
decomposition? gubstauce, its tcudency is to decompose and 
separate it into its constituent parts. 
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How mxw wm- Thus, water is composed of two gases, oxygen and hydio- 
ter be deoom- gen united together. When the wires connecting the poles 
V^'*^* of a galTanio battery are placed in water, and a sufficiently 

strong current made to pass through them, the water is decomposed, the 
hydrogen being given out at the negative pole of the 
battery, and the oxygen at the positive pole. Fig. 
342 represents a form of apparatus by which this 
experiment can be performed in a very satis&ctoiy 
manner. It consists of two tubes, O and H, sup- 
ported vertically in a small reservoir of water, 
and two slips of platinum, p p, which can be con- 
nected with the poles of a voltaic battery, passing 
in at the open end of the tube& When communi- 
cation is effected between the platinum slips and a 
battery in action, gas rapidly rises in each tube and 
collects in the upper part In that tube vdiich is in 
connection with the positive pole of the battery oxygen accumulates, and in 
the other hydrogen. And it will be noticed that the quantity of the latter is 
equal to twice the quantity of the former gas, since water contains by volimie 
twice as much hydrogen as it does oxygefi. 

The explanation of this phenomenon may be briefly given 
as follows : — All atoms of matter are regarded as originally 
charged with either positive or negative electricity. In the 
case of water, hydrogen is the electro-positive element and 
oxygen the electro-negative element It has been already 
shown that bodies in opposite electrical states are attracted by each other. 
Hence, when the poles of a galvanic battery are immersed in water, the nega- 
tive pole will attract the positive hydrogen, and the positive pole the negative 
oxygen. If the attractive force of the two electricities generated by the bat- 
tery is greater than the attractive force which unites the two elements, oxygen 
and hydrogen, together in the water, the compound will be decomposed. Upon 
the same principle other compound substances may be decomposed, by em- 
ploying a greater or less amount of electricity. In this way Sir Humphrey 
Davy made the discovery that potash, soda, lime, and other bodies, were not 
simple in their nature, as had previously been supposed, but compounds of a 
metal with oxygen. 

78 2. Recent experiments have shown that the electricity 
which decomposes, and that which is evolved by the decom- 
position of a certain quantity of matter, are alike. Thus, water 
is composed of oxygen and hydrogen ; now, if the electrical 
power which holds a grain of water in combination, or which 
causes a grain of oxygen and hydrogen to unite in the right proportions 
to form water, could be collected and thrown into a voltaic current, it 
would be exactly the quantity requu-ed to produce the decomposition 
of a grain of water or the liberation of its elements, oxygen and hy- 
drogen. 
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What i8 an *^^^* ^01 convenicDce in certain experi- 
Eiectxode? mcnts, the ends of the copper wires connect- 
ing the poles of the galvanic battery are frequently 
terminated with thin strips of platinum, which are called 
Electrodes. The platinum slip connected with the posi- 
tive pole forms the positive electrode, and that with the 
negative pole, the negative electrode. 

Platmam is used for the reason, that in emplojing the battery for effecting 
decompositions, it is frequently necessary to immerse the ends of the con- 
ducting wires in corrosiYe liquids, and this metal generally is not affected by 
them. 

What is Eicc 784. Electro-metallurgy, or electrotyping, is 
tro-metauurgyf ^j^^ ^j,^ qj. proccss of depositing, from a metal- 
lic solution, through the agency of galvanic electricity, a 
coating or film of metal upon some other substance.* 
Upon what ia ^hc proccss is bascd on the fact, that when 
^^^^proceaa a galvauic currcut is passed through a solu- 
tion of some metal, as of sulphate of copper 
(sulphuric acid and oxyd of copper), decomposition takes 
place ; the metal is separated in a metallic state, and 
attaches itself to the negative pole, or to any substance 
that may be attached to the negative pole j-^vhile the 
oxygen or other substance before in combination with the 
metal, goes to, and is deposited on the positive pole. 

In this way a medal, a wood-engraving, or a plaster cast, if attached to thq 
negative pole of a battery, and placed in a solution of copper opposite to the 
positive pole, will be covered with a coating of copper ; if the solution con- 
tadns gold or silver instead of copper, the substance will be covered with a 
coating of gold or silver in the place of copper. 

The thickness of the deposit, providing the supply of 
the metallic solution be kept constant, will depend on the 
length of time the object is exposed to the influence of the 
battery. 

In this way, a coating of gold thinner than the thinnest gold-leaf can be 
laid on, or it may be made several inches or feet in thickness, if desired. 
The usual arrangement for conducting the electrotype process is represented 

* The general name of electro-metallurgy includes all the yarioas procemes and resnltc 
which different inventors and raanufactarers have designated as galvano-plastie, electro- 
plastic, galyano-type, electro-typing, and electro-plating and gildings 
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by Pig. 343. It oonsiate of a trough of wood, or an earthen vessel, oontaining 
the solution, the decomposition of which is desired — for example, sulphate of 
copper. Two wires, one connected with the positive, and the other with the 
negative pole of a battery, Q. are extended along the top of the trough, and 
supported on rods of dry wood, B and D. The medal, or other article to be 
coated, is attached to the negative wire, and a plate of metallic copper to the 
positive wire. When both of these are immersed in the liquid, the action 
commences — the sulphate of copper is decomposed — ^the copper being de- 
posited on the medal, and the liberated oxygen on the copper plate. As the 
withdrawal of the metal fix>m the solution goes on, the copper plate attached 
to the positive pole undergoes corrosion by the sulphuric acid which is lib^- 
ated and attracted to it, and sulphate of copper is formed. This, dissolving in 
the liquid, maintains it at a constant strength. When the operator judges 
that the deposit on the medal is sufiBciently thick, he removes it from the 
trough, and detaches the coating. The deposit is prevented from adhering to 
the medal by rubbing its surface in the first mstance with oil, or black-lead, 
and if It is desired that any part of the surface should be left unooated, that 
portion is covered with wax, or some other non-conductor. 

PiQ. 343. 




In this way a most perfect reversed copy of the medal is obtained, — ^that is, 
the elevations and depressions of the original are reversed in the copy. To 
obtain a fao-simile of the original, the electrotype cast is subjected to a repe- 
tition of the process. 

In general, it is found more convenient to mold the object to be repro- 
duced in wax, or Plaster of Paris. The surface of this cast is then brushed 
over with black-lead to render it a conductor, and the metal deposited directly 
upon it. The deposit obtained will then exactly resemble the original ob- 
ject 

The pages and engravings in the book before the reader are illustrations of 
the perfection and practical application of the electrotype process. The en- 
gravings were first cut upon wood-blocks, and then, with the ordinary type, 
formed mto pages. Casts of the whole in wax were next made, and an eleo- 
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trotype coating <rf copper deposited upon them, and fix>m the copper plateg 
so formed the book was printed. The great advantage of this is, that the 
copper being harder than the ordinary type metal, is more durable, and re- 
sists the wear of printing from its surface for a longer period. 
H h th "^^^ improvement effected by electro-metallurgy in engrav* 

electrotype ing is very great. When a copper plate is engraved, and im- 

S^viSgf *^^ pressions printed off from it, only the first few, called "proof 
impressions," possess the fineness of the engraver's delineation. 
The plate rapidly wears and becomes deteriorated. But by the electrotype 
process, the original plate can at once be multiplied into a great many plates 
as good as itself and an unlimited number of the finest impressions pro- 
cured. 

In this way the map plates of the Coast Survey of the United States, some 
of which require the labor of the engraver for years, and cost thousands of 
dollars, are reproduced — ^the original plate being never printed from. 

One of the simplest illustrations of metallic deposit by electro-chemical ac- 
tion is afforded by the following experiment : — Put a piece of silver in a glass 
containing a solution of sulphate of copper, and into the same glass insert a 
piece of zina No change will take place in either metal so long as they are kept 
apart ; but as soon as they touch, the copper will be deposited upon the sil- 
ver, and if it be allowed to remain, the part immersed will be completely 
covered with copper, which will adhere so firmly that mere rubbing alone wDl 
not remove it 

How does the 785. When two metals which are positive 
STetete'^^affS and negative in their electrical relations to 
their durabiuty? ^^^^Yi other, are brought in contact, a galvanic 
action takes place which promotes chemical change in the 
positive metal, but opposes it in the negative metal. 

Thus, when sheets of zinc and copper immersed in dilute 
trat?on?of thS acid touch each other, the zinc oxydizes or rusts more, and the 
principle? copper less rapidly, than without contact. Iron nails, if used 

in fastening copper sheathing to vessels, rust much quicker than when in other 
situations, not in contact with the copper. The reason is, that the contact of 
the two metals excites galvanic action, which causes the iron to rust speedily, 
but protects the copper. 

What is gal- What is called galvanized iron, is iron cov- 
vanizedironf q^^^ entirely, or ia part, with a coating of 
zinc. The galvanic action between the two oxydizes the 
zinc, bat protects the iron from rust. 

Copper, when immersed in soa-water, rapidly wastes by the 
StJJ^puPpTO- chemical action of the oxygen dissolved in sea-water, biit if 
tect the sheath- ^ }qq brought in contact with zinc, or some metal that i3 more 
JhSnwrrorion? electro-positive than itself the zinc will undergo a rapid 



CHAPTER XVII. 

THERMO-ELECTRIOITT. 

What is Ther- 786. If two dissimilar metallic bars be sol- 
"^^-^^'^^^^^^r? dered together, and heated at the point of 
junction, an electric current will circulate through them, 
and may be carried oflF by connection with any good con- 
ductor. Electricity thus generated or developed is called 
Thermo-electricity. 

Thus, if two bare, one </ German silver and the other of brass, as repre- 
sented in Fig. 34A (the daric one being the brass), be heated at their junction, 
Exa 311. *^ electric current will flow in the dlrec^on of the 

arrows from the German silver to the brass. 

Different degrees of temperature, also^ in the same 
metal, will occasion an electric current to flow flxun 
the colder to the warmer portions. 

The properties of thermo-electricity 

are the same as those of ordinary electricity. 

The metals best adapted for showing its effects are 

German silver, bismuth, brass, iron, and antimony. 

How are ther- Thermo-electric batteries of considerable power may be con- 
mo-eleetric bat- structed by combining together alternate plates of Grerman sQver 
^^^^^ ^°* and brass, or bismuth and antimony, thick cards of pasteboard 
being so placed between the plates, that a contact of the 
metals is prevented, except at the ends. Such a battery, represented by Fig. 
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diange, and the copper win be preserved. Sir Humphrey iTavy attempted to 
apply this principle to the protection of the copper sheathing of ships, by- 
placing at intervals over the copper small strips of zinc. The experiment I 
was tried, and a piece of zinc as large as a pea was found adequate to pre- 
serve forty or fifty* square inches of copper ; and this wherever it was placed, 
whether at the top, bottom, or middle of the sheet, or under whatever form 
:t was used. The value of the application was, however, neutralized by a 
consequence which had not been foreseen. The protected copper bottom 
rapidly acquired a coating of sea- weeds and sbell-fi^ whose friction on the 
water became a serious resistance to the motion of the vessel, and it was dis' 
tovered that the bitter, poisonous taste of the copper surface, when oorroded« 
acted in preventing the adhesion of livmg objects. The principle, however, 
has been applied wilh success to protect the iron pans used in evaporating 
sea-water. 
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345, may be made to develop electricity by heating Fiq, 345. 

one end of the bundle, or pile of plates. 

By binding together two bars of bismuth and 
antimony, an electric current can be proved to circu- 
late with the slightest variation of temperature. 

A series of slender bars of these two metals, ar- 
ranged as a thermo-electric battery, is far more sen- 
sitive to heat than the most delicate thermometer ; 
so that the heat radiated from the hand brought near 
to one end of the battery is sufficient to excite an appreciable amount of elec- 
tricity, 
rig. 346 represents the construction of such a battery. It consists of thirty- 
FiQ 346 ^^ delicate bars of bismuth and antimony, 

alternately connected at their extremities 
and packed in a case, the ends of which 
are removed in the figure to show the 

-^ — bars. The area of such a battery is not 

Vi quite one half an inch. A represents a 

f \ conical reflector, used to concentrate raya 

of heat in experimenting. 
It has been also found that when hot water mixes with cold water, that 
electricity is produced ; the hot liquor being positive and the cold negative. 
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whatisanat- 787. A NATURAL magnet, Bometimes called 
nrai magnet? g^ loadstonc, is an 016 of kon, known as the 
protoxyd of iron/ or magnetic oxyd of iron, which is ca- 
pable of attracting other pieces of iron to itself. 

J, 04^(7 Natural magnets are by no means rare ; they 

are found in many places in the United States, 

and in Arkansas, especially, an ore of iron pos- 

^^^^ft^^am^ \ " Bussing remarkably strong attractive powers is 

xXJj^^^SBBHBfi^^/ very abundant 

jHI^^^^^^P^^HpRr' The magnetic ore is usually of a dark color, 

ffl v!^^^H^^^^^| v^ and possesses but little metallic luster. If a 

'n\ I vi^ piece of this ore be dipped in iron filings, or 

brought in contact with a number of small 

18* 
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ncedloS) they will adhere to the extremities of the magaet, as is represented 
in i'ig. 347. 

Can m magnet Whcii a oatural magnct is brought near to, 
STp'SJ^iS^? ^^ ^^ contact with a piece of soft iron or steel, 
it communicates its attractive properties, and 
renders the iron a magnet. In doing so, it loses none of 
its original attractive influence. 

what«r«arti. B^rs of irott or steel which by contact with 
fioiai magnets? natural magucts, or by other methods, have 
acquired magnetic properties, are termed artificial magnets. 

For all practical parpoaes, artificial magnets are used in preference to nat- 
ural niagnets, and can be made more power^ 

The attractive force of magnets has received 
the name of Magnetic Forcb, and that de- 
partment of science which treats of magnets 
and their properties is denominated Mag- 
netism. 

This designation must not be confounded with Animal Magnetism, a term 
which has been adopted to desigmite a certain influence which one person 
maj- exercise over another hy means of the wilL 

Tm. * .,. 788. The attractive power of the magnet is 

What are the ,./*,-, ./. i A . 

poles of a mag- not diffuscd Uniformly over every part of its 
surface, but resides principally at opposite 
points or extremities of its surface. These points are 
termed poles. 

Between the regions of greatest attraction, a point may 
be found where tl^e attractive influence wholly disappears. 

When a bar magnet is rolled in iron filings, the filings attach themselyes 
to the magnet in the manner represented in Fig. 348, and in this waj clearlj 
indicate the location of the magnetic iorce. 

Fig. 348. 



Pefine the 
ineaniag of the 
terms ma^nietio 
force and mag' 
netism. 
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In a steel magnet, the actual poles, or points of greatest magnetic intensity, 
are not exactly at the ends, but at a distance of about one tenth of an inch 
from each extremity. 
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In what pod- 789. When a magnet is supported in such 
n2rfrwiy™S£ a way as to move freely, it will rest only in 
pendedrestf q^q position, viz., With itS* polos, OF extremi- 
ties directed, nearly north and south. 

If drawj^jjaside from this position, it will continue to 
vibrate backward and forward, until it again rests in the 
same position. -^ 

What are the The'polc, or extremity of the magnet that 
°SS?Jf a^*^ constantly points^toVard the north, is called 
net? the Nortl^ J^ole, and the one that points to- 

ward the south, the South Pole of the magnet. 

790. That property of a magnet which will 
wdT TOiSity cause it, when suspended freely, to constantly 
^^^^J\"^^^^ turn the same part toward the north pole, 

and the opposite part toward the south pole 
of the earth, is termed magnetic polarity, or directive 
power. 

When is a ma Whcu a maguct, bciug free to move, places 
net said to tra- itsclf after deflcctiou in a nearly uorth and 

verse * * 

south line, it is said to traverse. 

The attractive force of the loadstone, or natural magnet, can not be consid- 
ered as of any great amount. Native magnets, in their rude state, will sel- 
dom lift their own weight, and, with some rare exceptions, their power is 
limited to a few pounds. 

791. When two bodies possessing magnetic 
general lair of propcrtics are brought near, or in contact with 
tractions and cach Other, the like poles will repel, and the 

unlike attract each other. 
Thus, the north or the south poles of two magnets re- 
pel each other ; but the north pole of the one will attract 
the south pole of the other. 

792. Maornetism may be excited most read- 
in what snb- ., . . , it ^ ^ 

stances may ily m irou and stecl. In steel the magnetic 

magnetism be "^ , ^ • i i • , 

mosteasuyex- property, whcu luduced, remains permanent; 
but soft iron loses its power as soon as it is re- 
moved from the influence of the exciting magnet. Brass, 
nickel, and cobalt may also be rendered magnetic. 
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Fig. 349. 




Recent inyestigations have shown that the influence of magnetasm, whicb 
WM onoe sapposed to be wholly restricted to iron and its oompoundSy is at 
most as pervading and vride-eztended as that of electridtf. The emerald, 
the mbj, and other precious stones, the oxygen of the air, glass, chalk, bone, 
wood, and many other substances, are more or. less susceptible to magnetiG 
influence. This influence^ however, is perceptible onfy by the nicest tests, 
and under pecoliar circumstances. 

v-t f Artificial magnets of iron or steel may be of any required 

are artlficimi form, or of almost any dimensions. For general purposes, 
ma^ta ^ eon- tjjey are limited to straight bara 

When a piece of iron not magnetic is brought in contact 
with a common magnet, it will be attracted by either 
pole ; but the most powerful attraction takes place when 
both poles can be applied to the surface of the piece of 
iron at once. The magnetic bars are for this purpose 
bent somewhat into the shape of the letter H, and are 
termed horse-shoe magnets. 

Several of these are frequently joined together with 
their similar poles in contact; they then constitute a 
compound magnet^ and are very powerful, either for 
liftmg weights or charging other magnets. 

For the purpose of distinguishing between the two 
poles of an artificial magnet, the end of the bar which is designated as the 
north pole is generally marked with a -]- or with the letter N. 

If ire break nn I^ ^® break a magDct across the middle, 
Sl^^^r^ each fragment becomes converted into a per- 
«"•' feet magnet ; the part which originally had a 

north pole acquires a south pole at the fractured end, and 
the part which originally had a south pole, gets a north pole. 

Thus, if the bar N S, Fig. 350, be 
broken in the center, each of the fractured 
ends will exhibit a polar state, as perfect 
as the entire magnet; the fractional end a j^ 
becoming a south and n a north pole, al- 
though at this middle point, where n and 
8 join, no magnetism could, before the breaking, have been detected. 

If we divide up a magnet to the extreme degree of mechanical fineness 
possible, each particle, however small, will be a perfect magnet 

The properties of a magnet are not at all affected by 
the presence or absence of air ; but its influence is as 
great in a vacuum as in any other situation. 

Heat weakens the power of a magnet, and a white heat 
destroys it entirely. 
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How may steel 
be rendered 
magnetic ? 



How is soft 
iron magnet- 
ized? 



May iron be 
rendered mag- 
netic by induc- 
tion? 



793. The magnetic power of an iron or steel 
magnet appears to reside wholly upon the sur- 
face, and to circulate about it. 

To render a bar of steel magnetic, the north 
pole of a magnet is placed on the center of a 
bar of steel and repeatedly drawn over it toward one ex- 
tremity ; the other half is subjected to a similar treat- 
ment with the south pole of the magnet ; the bar is thus 
rendered magnetic, and only loses this property when 
strongly heated. 

A bar of soft iron becomes magnetic by sim- 
ple contact with a magnet, but the eflfect, as 
before stated, is not permanent. 

It is not necessary that absolute contact 
should take place between a bar of soft iron 
and a magnet, in order to render the iron 
magnetic ; but whenever a magnet is brought near to a 
piece of iron in any shape, the latter is rendered magnetic 
by the influence of the former. To this phenomenon the 
name of induction has been given, and the distance through 
which this effect can take place is called the magnetic at- 
mosphere. 

Thus, let a bar of soft iron, B, as in Fig. 351, be 
brought near to a magnet, M, whose poles, north and 
south, are indicated by N and S. By induction, the 
bar will be rendered magnetic, the end of the bar to- 
ward the north pole of the magnet constituting its 
south pole, and the other end the north pole. 

In all cases, where either pole of a magnet is brought 
near to, or in contact with bodies capable of acquiring 
magnetism, the part which is nearest to the pole of 
the magnet acquires a polarity opposite, while the re-* 
mote extremity becomes a pole of the same kind ; hence the attraction of a 
magnet for iron, is simply the attraction of one pole of a magnet for the oppo- 
site pole of another. 

How may the ^^® general eflfect of magnetization by induction may be 
phenomena of dearly exhibited by bringing a powerful magnet near to a 
?uSon be ex- pi^^e of soft iron, as a large key, when it wiU be found that 
hiMtedf the large key will support several smaller ones; but as soon 

aa the body inducing the magnetic action is removed, they all drop off. 





FiQ. 351. 




M 




N 


^1 


J 


B 




N 







422 



WELLS'S NATURAL PHIL080PHT. 



What are fllos- 
traUons of 
ma^netifim in- 
duced bj the 

earth? 



Does magnctio 
attraction ex- 
tend thronf^h 
other bodies f 



Can the earth Magnetism may be also induced in a bar of 
Induce magnet- Jron bj thc actiott of the earth. 

Most iron bars and rails^ as the vertical bars 
of windows, that have stood for a considerable time in a 
perpendicular position, will be found to be magnetic. 

If we Bospend a bar of soft iroa soffidently long in the air, it 
will gradually become magnetic; and although when it is first 
suspended it points indifferently in any direction, it will at 
last point north and south. 
If a bar of iron, such as a kitchen poker, which has been 
found to be devoid of magnetism, is placed with one end on the ground, 
slightly incUned toward the north, and then struck one smart blow with a 
hammer upon the upper end it will acquire pularity, and exhibit the attractive 
and repellent properties of a magnet 

Magnetic attraction can be made to exert 
its influence through glass, paper, and solid 
and liquid substances generally which are not 
capable of acquiring magnetic influence in the ordinary 
manner. 

If a horse-shoe magnet be placed under^ 
neath a sheet of paper which has iron 
filings sprinkled, over its sur&ce, the fil- 
ings, upon the approach of the magnet^ 
will arrange themsf'lves in great regularity 
in lines diverging from the poles of the 
magnet, in curves, and extending fix>m 
the one pole to the other, as is repre- 
sented in Fig. 352. The numerous fi-ag- 
ments of iron, being rendered magnets by 
induction, have their unlike poles fix)nting 
each other, and they therefore attract one 
another, and adhe^'e in the direction of their polarities, forming what are termned 
magnetic curves. 

If a plate of iron is caused to intervene between the magnet and the under 
surface of the paper, the magnetic influence is almost entirely cut off. 

Do artificial ^94. Magnets, if left to themselves, gradu- 
theh?^*prope5^ ally, and in a space of time varying with the 
^^^ hardness of the metal composing them, lose 

their magnetic properties, from the recombination of their 
separate fluids. 

This is prevented by keeping their poles united by 
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What !8 an nicaiis of a soft iroD bar called an Armature, 
Armature? represented at A, Fig. 349. 

This becoming magnetic by induction, reacts upon the 
magnetism in the poles of the magnetic bar, and tends to 
increase rather than diminish their intensity. 
What is the The lifting or sustaining power of magnets 
S^JUfinJ^te? varies very materially. The most powerful 

that we are acquainted with are capable of 
sustaining twenty-six times their own weight. 
How doee the The law of magnetic attraction and repul- 
ncttcat/raSten ^iou is thc samc as that of gravitation ; that 
and^ repulsion jg^ tlicsc forccs incrcasc in the same proportion 

as the square of the distance from the center 
of attraction or repulsion diminishes. 

A rdir to *^^^' "^^^ various phenomena of magnetism have been ac- 
irhat theory are counted for by supposing that all bodies susceptible of magnet- 
mJmena** ^acl ^®™ '^^ pervaded by a subtle imponderable fluid, which is com- 
counted for? pound in its nature, and consists of two elements, one called 
the austral, or southern magnetism, and the other the boreal, 
or northern magnetism. Each of these, like positive and negative electrici- 
ties^ repel their own kind, and attract the opposite kind. 

When a body pervaded by the compound fluid is in its natural state and 
not magnetic, the two fluids are in combination and neutralize each other. 
When a body is magnetic, tlie fluid which pervades it is decomposed, the austral 
fluid being directed to one extremity of the body, and the boreal to the other. 

Iron and steel are easily rendered magnetic, because the fluids which per- 
vade "them can be easily decomposed by the action of other magneta In 
iron, the separation of the two kinds of magnetism may be easily, but only 
transitorily effected. The magnet, therefore, attracts it powerfully, convert- 
ing it, however, into only a temporary magnet In steel, the two kinds of 
magnetism are not so easily separated ; hence the latter is but slightly at- 
tracted by the most powerful mag^nets. When once effected, however, the 
separation is permanent, and the steel becomes a perfect magnet. 

As, according to this theory, the act of rendering a body magnetic consists 
simply in decomposing a fluid pervading it, we can easUy understand how, 
by means of one artificial magnet, an infinite number of other magnets may 
be made, without the former losing any of its magnetic properties 

yn^^ i. ^ 796. The Magnetic Needle (Fig. 353) is 

Maguetic Nee- gimply a bar of steel, which is a magnet, bal- 
anced upon a pivot in such a way that it can 
turn freely in a horizontal direction. 
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Fia, 353. Such a needle, when properly balanced, will bo 

observed to vibrate more or less, until it settles in 
sach a direction that one of its extremities, or 
poles, points toward the north, and the other to- 
ward the south. If the position of the needle be 
altered or reversed, it will always tnm and vibrate 
again until its poles have attained the same direo- 
tion as before. 

It is this remarkable property of a magnetized 
steel bar, of always assuming a definite direction, 

that renders the oompaas of such value to the mariner, the engineer, and the 

traveler. 

The ordiDary compass consists of a mag- 
netic needle, or bar balanced upon a pivot, and 
inclosed within a shallow box, or metallic case. Upon 
the bottom of the box is a circular card with the chief, or 
cardinal points of the horizon, north, south, east, west^ 
marked upon it. 

Fig. 354 represents the form and construction of the ordinary, or land com* 
pass. The term compass is derived from the card, which compasses^ or in- 
volveSf as it were^ the whole plane of the horizon. 

Pia. 354. 



What !■ 
Compaaaf 




In the Sea, or Mariner^s Compass, the needle is attached to 
the under side of the card, in such a way that both traverse 
together — the needle itself being out of sight Upon the 
surface of the card is engraved a radiating diagram, dividing 
the whole circle of the horizon into thirty-two parts, called 
pointa The compass-box is supported by means of two concentric hoops, 
called gimbais. These are so placed as to cross each other, and support the 
box immediately in the center of the two i so that whichever way the yessel 



What is the 
construction of 
the Sea, or 
Mariner's Com- 
pass? 
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may roll or lurch, the card is al- 
-ways in a horizontal position, 
and is certain to point the true 
direction of the head of the ship. 
JFig. 355 represents the construc- 
tion and mounting of the Sea 



P.a 355. 




^miatisa.Dip- 797. If a 
ping Needle? gimple bar 

of unmagnetized steel, 
or an ordinary needle 
be suspended from a 
center, instead of being balanced upon a pivot beneath 
it, it will hang horizontally, and manifest no inclination 
to dip from a horizontal line, either 
on one side or the other of the cen- 
ter of suspension. But if the bar, 
or needle, be made a magnet, it 
will no longer lie in a horizontal 
direction, but one pole will incline 
downward and the other upward ; 
the inclination in this latitude to 
the horizon being about 70°. 

Such arrangement is called a 
Dipping Needle. 

Fig. 356. represents the constraction and 
appearance of the dipping needle. 
Doeathemag. 798. AlthoUgh tho 

HSfn^tdueTofth magnetic needle is said 
and south. ^q poiut uorth and south, accurate observations 
have shown that it does not point exactly north and south 
except in a few restricted positions upon the earth's surface. 
What is the 799. The direction assumed by a horizontal 

magnetic merld- n . . , xi_ xi_> 

ian? needle in any given place upon the earth s 

surface, is called the magnetic meridian. 

What is a ter- '^ terrestrial meridian, it will he rememhered, is a great cir- 
restrial merid- cle, supposed to be drawn around the earth, passing through 
**"^ both poles, and any given place upon its surface, and inter- 

secting the equator at right angles. (See § 68, Fig. 6, page 36.) The direction 
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of a needle which would point due north and south at any place^ wHl be 
the true, or terrestrial meridian of that place. 

What ia the The deviation of the needle from the true 
JJc1r.?Xrof north and south, or the angle formed by the 
tiieoMiUar magnetic meridian and the terrestrial merid- 
ian, is called the variation, or declination of the needle. 
What are the There are two lines upon the earth's sur- 
tSSoai °** ^' ^^^^ along which the needle does not vary, but 
points to the true north and south. These 
lines are called the eastern and western lines of no Yaria- 
tion, and are exceedingly irregular and changeable. 

Tbeir position is as follows: — ^The western line of no variation begins in 
latitude 60°, to the west of Hudson's Bay, passes in a south direction through 
the American lakes, to the West Indies and the extreme eastern point of 
South America. The eastern line of no variation begins on the nortii in the 
White Sea, makes a great semicircular sweep easterly, until it reaches the 
latitude of 71°; it then passes along the Sea of Japan, and goes westward 
across China and Hindoostan to Bombay ; it then bends east^ touches Australia^ 
and goes south. 

In proceeding in either direction, east or west from the lines of no varia- 
tion, the declination of the needle gradually increases, and becomes a max- 
imum at a certain intermediate point between them. On the west of the 
eastern line the declination is west; on the east it is east 

At Boston, in the United States, the declination of the needle is cbout 5|° 
west ; in England it is about 249 west ; in Greenland, 50° west ; at St Peters- 
burg, 6° west 

H i th di ^^^' '^^ *^® directive property of the magnetic needle is 
rectiye power observed everywhere in all parts of the world, on all seas, on 
accounted^ for^f the loftiest summits of mountains, and in the deepest mines, 
it is evident that there must be a magnetic force which acts 
at all points of the earth's surface, since magnetic needles can no more take 
up a direction of themselves than a body can acquire motion of itself. To 
explain these phenomena, the earth itself is considered to be a great magnet, 
and the points toward which the magnetic needle constantly turns are called 
the magnetic poles of the earth. These poles, by reason of their attractive 
influence, give to the needle its directive power. 
_, .. The two poles of the great terrestrial magnet which are 

«nr norc ftfO tud , ••• ••• Ml 1 Ml ill • 

magnetic poles Situated m the vicmity of the poles of the earth's axis, are 
Bitnated f termed respectively the magnetic north pole and the magnetic 

south pole. Tliese contrary poles attract each other, and thus a magnetic 
needle will turn its south pole to the north, and its north pole to the south. 
Hence, what we generally call the north pole of a needle is in reality its 
south pole, and its south pole is its north pole. 
The exact position of the northern magnetic pole is about 19^ from the north 
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If a compass 
needle to car- 
ried to the mag- 
netic pule what 
will occur ? 



pole of the earth, in the direction of Hudson's Bay. It was visited by Sir X 
Ross in 1832, in his voyagq of Arctic discovery. The south magnetic pole is 
situated in the antarctic continent, and has been approached within 170 milea 
If the ordinary compass be carried to either 
of the magnetic poles, it will lose its power 
and point indifferently in any direction. If it 
is carried beyond the magnetic pole, to any 
point between it and the true pole, the poles of the needle 
become reversed, the end called the north pole pointing to 
the south, and the south to the north. 

H d th ^^® position assumed by the dipping needle varies in diP- 

position of the ferent latitudes. If it were carried directly to the north mag- 
vaSr?^ "®®^*® netic pole, its south pole would be attracted downward, and 
the needle would stand perfectly upright. At the south mag- 
netic pole, its position would be exactly reversed.* If the dipping needle be 
taken to the equator of the earth, or to a point midway between the north 
and south magnetic poles, it will be attracted equally by both, and will re- 

maui perfectly horizontal, or cease to dip at 
all : as we go north or south, however, it dips 
more and more, untU at the magnetic poles, 
as before stated, it becomes perpendicular— 
the end which was uppermost at the north 
being the lowest at the south.f 

II t I VMA II \ W Fig. 35 Y represents the position assumed 
' i-q *u»f f~-i_P_CL^^TH^^] hy the magnetic needle in various latitudes. 
The magnetic poles of the earth are not 
stationary, but change their position grad- 
ually during long intervals of time. 

Observations on the temperature of the 
earth have afforded some reason for believ- 

♦ Like the declination and dip, the intensity of the earth's magnetism varies 
very much in diflferent parts of the earth ; at the magnetic equator being the most feeble, 
and gradually increasing as we approach the poles. The intensity of terrestrial magnetism 
in different places may be measured by the number of vibrations made by a magnetic 
needle in a given time. 

t As the directive tendency of the horizontal needle arises from its poles being attracted 
by those of the earth, it is evident from the rotundity of the earth, that its poles wUl not 
*be attracted by those of the earth horizontally, but downward, so that the needle cannot 
tend to be horizontal, except when it is acted upon by both poles equaUy— that is, when 
midway betwpen them. When nearer the north magnetic pole than the south, its north 
end must be attracted downward, and the contrary when it is nearest the south pole. 
Accordingly, a needle which was accurately balanced on its support before being mag- 
netized, will no longer balance Itself when magnetized, bnt in this country its north pole 
win appear to dip, or appear to be the heavier end. This circumstance has to be corrected 
in ships' compasses by a smflll sliding weight attached to the southern half, which weicrlit 
has to be removed on approaching the equator, and shifted to the other side of the needle 
when in the northern hemisphere. 
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ing, that the points upon the earth's sar&ce where the greatest degree of cold 
is experienced, or where the yearly mean of the thermometer is lowest^ 
coincides with the location of the magnetic poles. 

What &■ the 801. Beside the variation from the true 
tton"*if^*tito north and south, the magnetic needle is sub- 
™®^' ject to a diurnal variation. This movement, 

or variation, conunences about seven in the morning, when 
the north end of the needle begins to deviate toward the 
west ; it reaches its maximum deviation about two o'clock 
in the afternoon, when it begins to return slowly to its 
original position. 

The magnetic needle is subject also to an annual movement, and a move- 
ment different in the winter months from that noticed in the summer months. 

wimt is (be The daily, monthly, and yearly variations 
Sfth? jSkSSi ^f ^^^ needle are supposed to be occasioned by 
2J*^^f ^ variations in the temperature of the earth's 
surface, depending upon the changes in the 
position and action of the sun. 

Observations made for a great number of years seem to show that the en- 
tire magnetic condition of the earth is subject to a periodical change^ but 
neither the cause or the laws of this change are as yet understood. 

For most practical operations, as in navigation and sur- 
veying, the deviation of the magnetic needle from the true 
north and south, is carefully taken into account, and a rule 
of corrections applied. A knowledge of the amount of vari- 
ation, east or west, for different localities upon the earth's 
surface, may be obtained from tables accurately arranged 
for this purpose. 

The variation of the magnetic needle from the true north and south, is said 
to have been first noticed by Columbus in his first voyage of discovery. It 
was also observed by his sailors, who were alarmed at the ^ct^ and urged it 
as a reason why he should turn back. 

When waa the ^hc compass is claimed to have been dis-^ 
S^?Sd? ^^ covered by the Chinese : it was, however, 
known in Europe, and used in the Mediterra- 
nean, in the thirteenth century. The compasses of that 
time were merely pieces of loadstone fixed to a cork, which 
floated on the surface of water. 

802. The resemblance between magnetism and electricity is very striking, 
and there are good reasons for believing that both are but modifications of 
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one force. Both are supposed to consist of two fluids, wluch repel their own 
kind, and attract the opposite. The fluid in both cases is supposed to reside 
upon the surface of bodies; the laws of induction in both are the same; and 
each can be made to excite or develop the other. 



CHAPTER XIX. 



ELECTRO-MAGNETISM. 

What is Eiec- 803. Magnetism developed through the 
tro-magnetism? agency of electrical or chemical action, is 
termed Electro-magnetism. 

Among the earliest phenomena observed which mdicated a connection be- 
tween magnetism and electricity, it was noticed that ships' compasses have 
their directive power impaired by lightning, and that sewing needles are ren- 
dered magnetic by electric discharges passed through them. 

«r^ . ^ . , In 1820, a discovery was made by Professor Oersted of 

What effect ia ^ , , . , . , , . i -, , , , , . ^, 

produced when Denmark, which established beyond a doubt the connection 

di^rbiougW^ ^^ electricity and magnetism. He ascertained that a mag- 
near a conduct- netic needle brought near to a wire, through which an electric 
ingwiret current was circulating, was compelled to change its natural 

direction, and that the new direction it assumed was determined by its position in 
relation to the wire and to the direction of the current transmitted along the wire. 
Further experiments developed the following law; — 

In what fiirec- Elcctric currcnts exert a magnetic influence 
cuTren^f ex^ ^t right anglcs with the direction of their flow, 
theiriafluence? ^q^j ^j^qj^ i\^qj q^qj^ ^^q^ g, magnetic nccdle 

FlQ. 358. 




they tend to cause the needle 
A to assume a position at right 
angles to the direction of the 
current. 

Thus, suppose an electric current to 
pass on the wire A B, Fig. 358, in tlie 
direction of the arrow; suppose a mag- 
netic needle, N S, to be placed directly 
under the wire and parallel to it. By 
the action of the electric current flowing 
in the direction A B, the needle is caused 
to move from its north and south posi- 
tion and turn round, and if the current 
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is Boffidentiy strong, it win place itself at right angles with the wife, as is 
repi-esentcd in the ligure. 

If the current, however, had passed in the same direction below the needle, 
instead of above it as in the first instance, the deflection ot the needle would 
have taken place as before, but in an opposite direction, the pole S standing 
whbre the pole N did previously, and N aLiO in the place of S. 

In like manner, if the needle be placed by the side of the wire, a like effect 
will be produced; on one side it dips down, and on tiie otlier it rises up; and 
in whatever other position the needle may be 
Fig. 359. placed, it wUl always tend to set itself at right 

^= k ^ angles to the current If the wire be bent in 

11 w -^ — -— s 11 the form of a rectangle, as is represented in Fig. 

359, so as to carry the current around the 
needle, above and below it in opposite direc- 
tions, the opposite currents, instead of neu- 
tralizing, will assist each other, and tlie needle 
will move in accordance with the first direction of the current. 

If the wire, instead of making a single turn, is bent many times around the 
needle, the magnetic force excited by the current of electri(;ity traversing the 
wire, will be greatly increased, the increase being, witliin certain limits, pro- 
portional to the number of turns of the wire. 

It is upon this principle that an instrument called the Gal- 
Oalyaoometer. vanometer, for measuring the quantity of an electric current, 
is constructed. It consists of a rectangular coil of copper 
wire, N B S, Fig. 360, containing about 20 
convolutions, the separate coils being insulat- 
ed by winding the wire with silk thread. A 
magnetic needle, supported on a pivot, is 
placed in the center of the coil, and a gradu- 
ated circle is fixed below it to measure the 
amount of the deflection ; the two ends of the wire connect with two cups, 
C and Z, which contain mercury, and into which the poles of the battery 
transmitting the current dip. 

In this form of the instrument FiO. 361. 

^tfc Needier t^e transmitted current is obliged 
to contend with the influence of 
the earth's magnetism, which tends to hold the 
needle in its original position, and unless the 
former is more powerful than the latter, the 
needle is not moved. This difficulty has been 
overcome by means of an arrangement called 
the AstoHc NeedU, This consists essentially of 
two needles festened together, one above the 
other, but with their poles in opposite direc- 
tions, as is represented in Fig. 361. In this 
way the influence of the earth is almost entirely 
emoved, and the force of the transmitted current is rendered more effecttTe. 
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In what man- 
ner does an 
electric current 
exert its mag- 
netic force? 



Fig. 362. 



By means of the galyanometer, the most feeble traces of electricity can be 
detected ; and electric currents which would fail to influence the mogt sensi- 
tive gold leaf electrometer can be made to affect perceptibly the magnetic 
needle. Galvanometers are sometimes called electro-multipliers. 

804. Electricity, unlike all other motive 
forces in nature, exerts its magnetic force lat- 
erally ; all other forces exerted between two 
points act in the direction of a straight line 
connecting their points, but the electric current exerts its 
magnetic influence at right angles to the direction of its 
course. 

When a magnetic pole is influenced by an electric cur- 
rent, it does not move either directly toward or directly 
from the conducting wire, but it tends to revolve about it. 

By the application of these facts, it has been discovered that rotatory move- 
ments can be produced by magnets around conducting wires, and conversely, 
that conducting wires can be made to rotate around magnets. 

The rotation of the pole of a magnet around a fixed conducting 
wire may be shown by a piece of apparatus represented by Fig. 
362. A small magnet, N, is fixed to the lower part of a vessel, 
V, by means of a silk thread ; the vessel is filled with mercury 
nearly to the top of the magnet; G is a conducting vdre dipping into 
the mercury, and Z is another conductor communicating with the 
mercury at the bottom of the vessel Now, when the electric 
current is established, by connecting the extremities of the vnres 
C and Z with the opposite poles of the battery, the pole N of the 
magnet revolves round the conducting wire 0. If the current is 
descending, that is, if be connected with the positive pole of 
the battery, and if N be a north polo, its motion round the wire will be di- 
rect, that is, in the direction of the hands of a watch; and 
so on, vice versa, 

A different arrangement, by which a movable wire tra- 
versed by a current, may be made to revolve around the 
pole of a fixed magnet, is represented by Fig. 363. A wire, 
A B, is suspended torn the wire C by a loop, and dips into 
the mercury in a vessel, V ; when the circuit is established, 
by connecting C and N with the respective poles of the 
battery, the conducting wire revolves around the pole N 
of the magnet. 

If the current be descending, and N be the north pole of 
the magnet, the rotation will be direct. 

On similar principles, various kinds of reciprocating and rotatory movements 
may be produced. 
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What ia aa 
£Iecfero-mag- 
uetr 

What la a 
Helix? 



In what man. 805. If a piece of soft iron, entirely wanting 
^Mtrirc^'S in magnetism, be placed within a coil of wire 
dte"*1S^iSl through which an electric current is circulat- 
*^' ing, it will be rendered intensely magnetic, so 

long as the current continues ; but the moment the cur- 
rent ceases, the iron loses its magnetism. 

Magnets formed in this way, through the 
agency of electricity, are called Electro-mag- 
nets, and are more powerful than any others. 
The coil, or spiral line of wire used for excit- 
ing magnetism in the iron by conducting a 
current of electricity about it, is called a Helix. 

Fig. 364. ^* ^ usually made of copper wire, coated with 

Y o some non-conducting substance, such as silk woaud 

■■■■|^BHn| round it The coils of the wire are generally re- 

^^^^^yMUP peated one over the other, until the size of the helix 

rT is sufficient, since the magnetic action of an electrio 

II current upon a bar of iron increases to a certain ex- 

^ ^ tent with the number of revolutions it performs about 

it Fig. 364 represents the appearance of a helix. 

It is necessary for the induction of magnetism in iron 
bars by electricity, that the current should flow at right 
angles to the axis of the bars. 

What deter- ^^ ^^^ ^^ be «teel, the magnetism thus in- 
Jf °!J*teJ* duced will be permanent ; and the direction in 
magnet? which the curreut moves round the helix de- 

termines which of its extremities shall constitute its north, 
and which its south pole. 

When the current circulates in the direction of the hands 
of a watch, the north pole of the bar will be at the farthest 
end of the helix. 

If a bar of soft iron, bent in the form of a horse shoe mag- 
net, be wound with insulated wire, as is represented in Fig. 
365, and a current of electricity transmitted through it, it 
becomes a most powerful magnet 

Electro-magnets of this character have been formed capa- 
ble of supporting more than a ton weight The magnetic 
power thus developed is wholly dependent upon the ex- 
istence of the current, and tha moment it ceases the weights 
&I1 away by the action of gravity. 
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Has dectro- 
magnetic force 
1)eeii applied 
to any prac- 
tical purpose 
for propelling 
machinery? 



Fig. 366. ^ ^^ semicircular rings of soft iron be passed within a 

helical ring, as is represented in Fig. 366, they will become so 
strongly magnetic on passing the current of even a small 
battery, as to be separated with extreme difficulty. A rod 
of iron brought near to one of the extremities of a longitudinal 
helix, is not only attracted but lifted up into the center of the 
coil, where it remains suspended without contact or visible 
support, so long as the current continues in action. If the 
battery and hdix be of sufficient size, a considerable weight 
may be suspended. In some experiments at the Smithsonian 
Institution at Washington, a few years since, a bar of iron 
weighing 80 pounds was raised and suspended in the air with- 
out being in contact with any body. 

806. Many attempts have been made to 
take advantage of the enormous force gener- 
ated and destroyed, in an instant, by making 
or breaking an electric current, for propelling 
machinery, but thus far all efforts have failed 
to produce any practical results. 

One of the reasons why this power can not be used to advantage is, that 
the rate at which the power diminishes as we recede from the contact point 
of tho magnets, prevents our obtaining the full force of the magnets. Thus, 
a magnet whose force in contact would be sufficient to raise 260 pounds, 
would exert a force of only 90 pounds at the distance of l-250th of an inch, 
and of only 40 pounds at the distance of l-60th of an inch. It is also found 
tliat notwithstanding the loss of power with distance, a still greater loss takes 
place with motion. The moment any magnetic .body is moved in front of 
either a permanent or an electro-magnet, it loses power, and this loss increases 
veiy rapidly with the increase of velocity. This obstacle stopped the prog- 
ress of the very extensive researches of Professor Jacobi, after he had ex- 
pended upward of $120,000 granted him for his experiments by the liber- 
ality of the Russian government 

Upon what ^^^- ^^^ construction of the Morse mag- 
rtracti^oftSe J^^^Jc telegraph depends upon the principle, 
"iT de ^id? *^* * current of electricity circulating about 
a bar of soft iron temporarily renders it a 
magnet. 

The construction and method of operating the Morse telegraph may be 
clearly understood by reference to Fig. 367. F and E are pieces of soft iron 
surrounded by coils of wire, wliich are connected at a and 6 with wires pro- 
ceeding from a galvanic battery. When a current is transmitted from a bat- 
teiy located one, two, or three hundred miles distant, as the case may be, it 
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pasBes along the wires, and through the coils* emrronnding the pieces of soft 
iron, F and E, thereby converting them into magnets. Above these pieces 
of soft iron is a metallic bar, or lever, A, supported in its center, and having 
at one end the arm, D, and at the other a small steel point, o. A ribbon of 
paper, p A» rolled on the cylinder, B, is drawn slowly and steadily off by a 
train of clock-work, K, moved by the action of the weight, P, on the cord, C. 
This clock-work gives motion to tw<> metal rollers, 6 and H, between which 
the ribbon of paper passes, and which, turning in opposite directions, draw 
the paper from the cylinder B. The roller H has a groove aroimd its circum- 
ference (not represented in the engraving), above which the paper passes. 
The steel point o of the lever A is also directly opposite this groove. The 
spring, r, prevents the point from resting upon the paper when the telegraph 
is not in operation. 

Fio. 367. 




The manner in which intelligence is communicated by these arrangements 
Is as follows : The pieces of soft iron, F and E, being rendered magnetic by 
the passage of a current of electricity transmitted from the battery through the 
coils of wire surrounding them, attract the metal arm D of the lever A. The 
end of the lever at D being depressed, the steel point o at the other extremity 
is elevated and caused to press against the paper ribbon and indent it When 
the current from the battery is broken or interrupted, the pieces of soft iron 
F and E being no longer magnetic, cease to attract the arm D. The lever 
A is therefore drawn back to its former position by the action of the spring r, 
and the steel point o ceases to indent the paper. By letting the current flow 

• These coils consist of very fine copper wire, some thonsands of feet being gener- 
** itained In them. In ttiis way a magnet of small sice and great power may be 
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round the magnet for a longer or shorter time a dot, or a line is made, and 
the telegraphic alphabet consists of a series of such marks.* 

Grove's battery (see Fig. 340) is generally used for working the telegraph, 
about thirty cups being required for a distance of 150 miles. These cups 
may be kept in one compact space, but operate the telegraph more success- 
fully when distributed along the line. Such batteries will work for about two 
weeks without replenishing. 

Formerly two wires were required in telegraphing; one 
wires are nee- conveyed the current from the battery to the electro-magnet, 
workhje fhe ^* ^ distance, through which it passed, and then returned by 
telegraph? another wire back to the battery. At present but one wire is 

generally used. It was found that the earth itself m'ight be 
made to perform the function of the retumhig wure. To effect this all that is 
necessary is that one short wire from the battery at one end of a line, and 
from the electro-magnet at the other end, should be sunk into the moist 

earth, and there connected with a 
mass of conducting metal, from 
which the electricity passes to 
complete the closed circuit 

For interrupting the 
current and regulating 
the system of dots and 
lines, an instrument call- 
ed the Signal-key, or, 
Break-piece, Fig. 868, 
is employed. This is 
placed near the battery, so as to be in the galvanic cir- 
cuit. The operator, by pressing down the knob with the 
finger, closes the circuit and allows the current to pass, but 
when the pressure is removed communication is interrupted 

* The following table exhibits the^ signs employed to represent letters in the Morsa 
system of telegraphing: 

ALPHABET. n 

a o 

h p NUMERALS. 

e- ,--- 8 

i rll 6 

izzz. ?:i-"i 

m d&- --- 

Exprrienccd operators are often able to understand the message merely from the Bounds, 
or clicks, of the leyer. 
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wh»t te the 808. In what is known as the " Bain," or 
SS^chemicSi chemical telegraph, there is no magnet created, 
telegraph? ^J^|. q^ gmall steel wire, connected with the 
wire from the Une, presses upon a roll of paper, moved 
by clock-work This paper, before being coiled on the 
roller, has been dipped in a nearly colorless chemical solu- 
tion, which becomes colored when an electric current passes 
through it. By sending a current through the wire rest- 
ing on the paper, we can stain it, as it were, in dots and 
lines in the same manner as the last instrument em- 
bossed it in dots and lines. 

809. The House's, or printing telegraph, 
pri:ting tele- differs from the others principally in an ar- 
^^^ rangement whereby the message as transmitted 

is printed in ordinary letters, at the rate of two or three 
hundred a minute. 

What wM the 810. The method first proposed for com- 
mettJ^^^pJJ? municating intelligence by electricity was by 
^^^***^^ deflecting a compass needle by causing a cur- 

rent to pass along its length. 

Thus, if at a given point we place a galvanic battery, and at a hundred 
miles fix>m it there is fixed a compass needle, between a wire brought from, 
and another returning to the battery, the needle will remain true to its polar 
direction so long as the wires are free fit>m the excited battery; but the mo- 
ment connection is made, the needle is thrown at right angles to the diree* 
tion of the current The motion of the needle may thus be made to convey 
intelligence. 

It is necessary, in conveying the wires from point to point, to support them 
on the poles by glass or earthen cylinders, in order to insure insulation, 
otherwise the electricity would pass down a damp pole to the earth, and be 
lost. 

811. The idea that many persons have, that some substance 
cip^ ^o7infln- passes along the telegraphic wires when intelligence is trans- 
ence pass along mitted, is wholly erroneous: the word current as something 
the wires when „ . ^ ^ i . •, ^ ^ . .i ^ . 

a message is flowing, expresses a false idea^ but we have no other term to 

oommunicated? express electrical progression. We may, however, gain some 
idea of what really takes place, and of the nature of the influence transmitted, 
by remembering that the earth and all substances are reservoirs of electricity ; 
and if wp disturb this electricity at any given point, as at Washington, its pulsa- 
tions may be fnlt at New York. Suppose the telegraphic wire a tube extend- 
ing from Washington to New York perfectly filled with water; now, if one 
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drop more is forced into the tube at "Washington, a drop mnst fell out at 
New York, but no drop is caused to pass from Washington to New York. 
Something like this occurs in the transmission of electricity. 

tricitv ^^^' Electricity, through an electro-mag- 
be made to nctic arraiio'emeiit, can be made available for 

measure time? , /» • i i • 

the measurement of time, and by its agency a 
great number of clocks can be kept in a state of uniform 
correctness. 

The plan by which this is accomplished is substantially as follows: — ^A bat- 
tery being connected with a principal clock, which is itself connected by 
means of wires with any number of clocks arranged at a distance from eadi 
other, has the current regularly and continually broken by the beating of the 
pendulum. This interruption is also experienced by all the clocks included 
in the circuit; and in accordance with this breaking aud making of contact, 
the indicators or hands of the clock mo^e oyer the dial at a constantly uniform 

rate. 

813. The fhndamental law of action in frictional electricity 
aSon of ei^ ^ *^* bodies charged with like electricities at rest repel, and 
tricai currenta with unlike, attract each other. With electricity in motion 
oSSrf ^ *^® °^^ ^ somewhat different, since currents of the same 
electricity moving in the same direction attract each other. 
The general law of this action may be stated as follows : 

What is the ^^ clcctric currcuts flow in wires parallel to 
general law of each othcr, and have freedom of motion, the 
wires are immediately disturbed. If the cur- 
rents are moving in the same direction, the wires attract 
each other; if they are moving in opposite directions, 
they repel each other : or, like currents attract, and un- 
like repeL 

Howmayahe- 814 Whcu tho wircs counectiug the positive 
SdintoTm/Jl and negative poles of a galvanic battery in ac- 
netic needier ^Jq^ ^rc coilcd iu the form of a helix, the helix 
becomes possessed of magnetic properties. If such a 
helix be suspended in a horizontal plane, it points, as a 
magnetic needle would, north and south ; if it is sus- 
pended so as to move in a vertical plane, it acts as a dip- 
ping needle. 

If two helices carrying currents are presented to each other, they attract 
and repel, precisely as if they were magnets, according as like or unlike poles 
are brought together. And, in short, all the properties of the magnetic needle 
may be imitated by a helix carrying a current 
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What if Am- 
pere's theory 
of magnetism f 



815. From these, and other like phenomena^ If. Ampere 
has propounded a theory which accounts for nearly all the 
phenomena of terrestrial magnetism. 
He supposes that all magnetic phenomena are the result of the circulation 
of e'ectrical currents. Every molecule of a magnet is considered to be sur- 
rounded with an atmosphere of electricity, which is constantly circulating 
around it, the dilTerenoe between a magnet and a mere bar of iron being, that 
the electricity which exists equally in the iron, is at rest, whereas in the mag- 
net it is in motion, ^e direction of these currents circulating in a magnet 
is dependent upon the position in which the magnet is held. If the opposite 
or unlilce poles of two magnets be placed end to end, the electric currents of 
each will be found running the same way, and as currents moving in the same 
direction attract each other, the two poles will tend to come together. On 
the contrary, if the ends of like poles be presented, the course of the currents 
traversing each will be in opposite directions, and a repuMon will result 

A magnetic needle tends to arrange itself 
at right angles with a wire transmitting an 
electric current, in order to bring the numer- 
ous currents circulating around its particles 
parallel with that of the wire. 

The magnetism of the earth is also explained by this theory 
on the same principles. If we take a metal ring and warm 
it at one point only by a spirit-lamp, no electrical effect en- 
sues ; but if the lamp is moved an electric current runs round 
the ring in the direction the lamp has taken. In a like man- 
ner, currents of electricity are known to be excited and kept in motion around 
the earth, by the sun, which heats in turn successive portions of its surfoce. 
They flow round it from east to west in a direction at right angles with a line 
joining the magnetic poles. A magnetic needle, therefore, points north and 
south, because that position is the one in which the electric currents in it are 



Why doM a 
magnetic nee- 
dle tend to ar- 
range itaelf at 
right angles to 
a current? 



How is the 
magnetism of 
the earth ex- 
plained by this 
theo - 



leoryf 



FlQ. 369. 




parallel to those of the earth, and 
this is the position, as has just 
been explained, that electric cup- 
rents tend always to assume. 

Fig. 369 represents an artificial 
globe, surrounded by a coil of in- 
sulated wire, surmounted by a 
magnetic needle. The needle will 
always point to the north pole of 
the globe, on transmitting the bat- 
tery current. 

The dip of the needle may be 
also readily accounted for in the 
same manner. At the polar re- 
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Fia. 3*70. 



gions It dips vertically down in order that its currents may be parallel with 
those of the earth ; for in those regions the sun performs his daily motion in 
circles parallel to the horizon. At the equator, the course of the sun is 
nearly at right angles to the horizon, and the needle maintains a horizontal 
position. 

What is Mag. 816. As EU electiic current passing round 
neto-eiectricity? ^^^ exterior of a bar of soft iron induces mag- 
netism in it, so on the contrary, a magnetized bar is able 
to generate an electric current in a conducting wire sur- 
rounding it. 

Electricity thus produced by the agency of a magnet is 
called Magneto-electricity. 

This may be shown by introducing one of the 
poles of a powerM bar magnet within a helix of 
fine insulated wire (see Fig. 370), the ends of 
which are connected with a dehcate galvan- 
ometer. The deflection of the needle will indi- 
cate the flow of an electric current every time the 
magnet enters or leaves the coil — ^the direction 
of the current changing with the poles entered. 
The same results will be obtained, if instead 
of introducing and removing a permanent steel 
magnet) we continually change the polarity of a 
Bofl; iron bar. Thus, in Fig. 371, let a 6 be a bar 
of soft iron surrounding a helix, and N E S a 
horse-shoe magnet so arranged that it can revolve 
fi^ly on a pivot at c, the poles in their revolution just passmg by the termina. 
tions of the bar a b. On causing the magnet to re- 
volve, the polarity of the bar a & will be reversed 
with every half revolution the magnet makes, and 
this reversal of polarity will generate ^electric cur- 
rents in the wire. 

To instruments constructed on 
these principles the name of mag- 
neto-electric machines is given. 

817. Whenever an 
^I'Z^Jr electric current flows 

througha wire it excites another current m an 
opposite direction, in a second wire held near to and 
parallel with it. Its duration, however, is only momentary. 
On stopping the primary current, induction again takes 
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place in the secondary wire ; but the current now arising 
has the same direction as the primary one. 

The paasage of an electrical current, therefore, develops other currents in 
its neighborhood, which flow in the opposite direction as the primary one 
first acts, but in the same direction as it ceases. Whenever a magnet^ also, 
is moved in the neighborhood of a conducting wire, these currents are also 
induced. 

818. Magneto-electric machines, arranged for developing 
electricity bjr the reaction of a magnet, are constructed in a 
great variety of forma In some, permanent steel magnets are 
used ; in others, temporary soft iron ones, brought into ac- 
tivity by a galvanic current A oommon fonn of magneto- 
electric machine is represented in Fig. 372. 



What is tlie 
general eon- 
Mtructioii of 
magneto-dee- 
trlc machioea? 



Fig. 312. 




It consists of a compound horse- 
shoe magnet, S, Fig. 372, bolted 
to a mahogany stand, arranged in 
such a manner that an electro- 
magnet, or armature, A B, mount- 
ed on an axis, revcdves in front of 
its poles, by turning a multiplying 
wheel, W. This electro-magnet, 
or armature, consists of two cores 
of soft iron wound about with fine 
insulated copper wire. The enda 
of the wire in these coils are kept 
pressed, by means of springs^ 
against a good conducting metal plate, which in turn is connected by wires 
with the screw-caps at the end of the base board. When the iron 'cores, or 
axes of the coils are in fit)nt of the poles of the magnet, they become mag^ 
netic by induction. This sets m motion the natural electricity of the coil, or 
helices, which flows in a certain direction, and is conveyed through the 
springs and wires to the screw-caps. 

If the armature be turned half round, the magnetism of the iron is reversed, 
and a second current is excited in the opposite direction. 

By tummg the armature very rigidly, a constant current 
passes through the wires, and by connecting a small piece of 
platinum wire in the drcuit, it is rapidly rendered red hot. 
By conveying connecting wires from the magneto-electric 
machme into acidulated water, its decomposition is effected; 
and many chemical compounds may in like manner be resolved into their 
ultimate constituents : machines also of this character may be used for electro- 



What 
vaaj be pro- 
daced br the 
action of eleo- 
tro-magnetio 



The effects of electricity thus generated on the human system are peculiar. 
If the two handles connected with the screw-caps of the machine are grasped 
by the hands, slightly moistened, and the armature is made to revolve rap- 
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idly, the nnisdes are closed so firmly, that the handles can not be dropped, 
and most powerful convulsive shocks are sent through the arms and body. 

wiiat iaadia- 819. It has been demonstrated by Professor 
msgneticbodyf Faraday that bodies, not in themselves mag- 
netic, may, when placed under certain physical conditions, 
be repelled by sufficiently powerful electro-magnets. Such 
substances have been termed diamagnetic, and the phe- 
nomena developed have received the general name of dia- 
magnetism. 

Bodies that are magnetic are attracted by the poles of 
a magnet ; bodies that are diamagnetic are repelled by 
the poles of a magnet. Magnetism may be regarded as 
an attractive force, diamagnetism as a repelling one. 

Thus, if a bar of iron is saspended free to move in pj^ 3173 

any direction, between the poles, N S, of a magnet, 
Fig. 373, the bar will arrange itself along a line 
which will unite the two poles ; it places itself in the 
axial line, or along the line of force. Such is the con- 
dition of a magnetic body. If a substance of the diamagnetic class is placed 
-p ^H. in the same situation — as, for example, a bar of bis- 

Imuth — ^between the poles, N S, Fig. 374, it places it- 
^^ self across, or at right angles to the axial line, or the 
^^B line of force. 
^^ Every substance in nature is in one or the other of 
these conditions. "It is a curious sight," says Dr. 
Faraday, " to see a piece of wood, or of beef, or an apple, or a bottle of water 
repelled by a magnet ; or taking the leaf of a tree, and hanging it up between 
the poles, to observe it taking an equatorial position." 
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Abebbatxon, spherical, what Is, 829 
Abutment, what is an, 120 
AeoustioB, 188 

Acoustic figures, what are, 189 
Actioism, what is, 343, 344 
Action and Keaction, 66 

illustrations of; 66 
laws oi; 66 
AetloQ, Toltalc, how interrapted and re- 
newed, 40» 
A^iesion defined, 29 
what is, 26 
Aeriform bodies, how exert piessore, 1T4 
Aerolites, consUtution of, 289 

what are, 288 
Affinity defined, 25 
Aim, philosophy of taking, 295 
Air, compressibility of, 164 

capacity of, for moisture, 268 

coustitaents of, 163 

density of, 165 

elasticity of, 165 

fresh, how much required for a healthy 

man, 261 
heated, why rises, 261 
how heated, 218 
in spring, why diilly, 246 
in water, 180 
inertia of, 164 
momentum of, 187 

illustrations of, 187 
Bot necessary for the production of 

sound, 191 
weight of, 163 
when rarefied, 166 
when said to be saturated, 263 
why unwholesome after having been 

respired, 260 
pump, construction of, 176, 177 
Alphabet, telegraphic, 435 
Anemometer, 282 
Anc^e, defined, 71 

of iucidenoe and reflection, 71 
Animals foretell changes in weather, 292 
Annealing described, 27 
Aqueducts, construction of, 134 
Arch, base of, 120 

springing of, 120 
strength of, 120 
what is an, 120 

why stronger than a horizontal stroot- 
«ra,12f 



Arohimedes, experiment with the crown, 44 

screw of, 189 
Architrave, 121 
Arohitectnre, 119 

orders in, 120 

origin of difforent atylee o^ 
119 
Armature of a magnet, 423 
Artillery, e£fective distanoe o^ 77 
Artesian wells, 135 
Astatic needle, what is an, 430 
Atmosphere, composition of, 163 

effect of, on diAudon of li^t^ 

302 
how heated, 226 
pressure of, 168 
supposed height of, 173 
what is, 163 
Atmospheric electricity, 391 

pressure, effects of, 174, 175 
how sustained, 179 
refiraetion, 314 
Atom, what is an, 13 

Attraction at insensible distances illostrat- 
ed,22 
cohesive, 25 

how varies, 25 
illustration of simple, 18 
molecular, four kinds of, 24 
mutual, illustrations of, 80 
what is, 17 
Aurora borealis, cause of, 396 

no influence on the weather, 991 
Auroras, not local, 397 

peculiarities of, 897 
Avoirdupois weight, 34 
Axis of a body, what is an, 82 



B 

Balusters, 121 

Balance, ordinary, described, 97 

torsion, 882 

when indicates false weights, 98 
Ballast, use of, in vessels, 139 
Balls, cannon, velocity of, 76 
Balloons, varieties of, 186 

what are, 186 
Balloon, why arises, 43 
Barker's mill, 157 
Barometer, how invented, 169-171 
how constructed, 171 
aaereid, 172 
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Ughtei 
how 



wheel, m 

hoir i ndka l M wwUier duuigeB, 

178 

bovoMd for meainring heighta, 

ITS 

Batteries, tfaernKMOeetrk, 417 

Battery, DanSeU'a, 407 

galTanie, 4U1 

Grore*! galvanic, eonatmetioa of, 
406 
imperfectionB of, 407 
luminous effects of, 410 
8mee*B galvanic, 406 
sulphate of copper, 406 
trough, described, 406 
Beam, rectangular, strength of, 116 

bent in the middle, why liable to 

break, 119 
or bar, when the strongest, 115 
BenowB, hydrostatic, 129 
Bells, electrical, 385 
Belts, motion communicated by, 101 
Billiards, principles of the game of, Ti 
Kanket, utIUW of the nap of, 219 
Blower, use o^ 262 

Boats, Ufe, how prerented from rinking, 147 
Bodies, form of; how dependent on heat, 228 
form of, how changed by centrifu- 
gal force, 83 
falling, UwB of, 56 

force and Telocity depend on 
what, 64 
fater than water, specific grsTity, 
Eiow determined, w 
non-luminous, whtti rendered viA- 

ble, 301 
when heayy and light, 33 
when transparent, 294 
when luminonB, 294 
when ap^r white, 801 
when solid, liquid, or gaseous, 24 
when float In air, 186 
Body, what is a, 11 

when called hot, 206 

size of, how affects its strength, 116 

when stands most firmly, 60 

when rolls, and when slides down a 

dope, 51 
where will have no weight, 33 
Boiling-point, depends on what, 241 

influence of atmospheric pres- 
sure on, 242 
BoUer-flue, 268 

Boilers, stesm, how oonstmeted, 256 
essentials of, 267 
locomotlye, how constructed, 268 
Bones of men and animals, why cylindri- 
cal, 118 
Boxes of a pump, 181 
Breath, why visible in winter, 274 
Breathing, mechanical operation of^ 181 
Breezes, land and sea, 284 
Bridge, Britannia tubular, 118, 119 
Brittleness, what is, 27 
Bubble, soap, why rises in the air, 43 
Buckets of wheels, 166 
Building, strength of a, on what depends, 119 
Buildings, how warmed and yentilated, 260 
Buoyancy, what is, 138 
Burning-glasses, 209 



Calorie, what Is, 206 
Camera obscura, 347 

portable, 800 
Canals, how constructed, 137 

locks in, 137 
Gannon bursting by firing, 28 

yarieties of, 77 
Capinary Attraction, 25, 143 

iUustrated, 143 
Capstan, constructton of, 100 
Car axles, why liable to break, 28 
Carriage, high, liable to be overturned, 50 
Cask, tight, liquids will not flow from, 179 
Catoptrics, 312 
Cellars, cool in summer, warm in winter. 

why, 220 
Center of gravity in irregular bodies how 
found, 48 
when at rest, 46 
in what three ways sap- 
ported, 47 
Centripetal Force, 79 
Champagne, why sparkles, 181 
Charcoal marks, why stick to a wall, 25 

why black, 301 
Chemistry, definitiott of, 9 
Children, why difficult to learn to walk, JSA 
Chimney, draught of, 262 

how constructed, 262 
how quickens ascent of hot sir«. 
262 
Chlmnejra, when smoke, 262 
Chord in music, 196 
Chain-pump, construction of, 160 
Climate, what is, 2G7 
Circuit, galvanic, 401 
Clock, common, described, 58 
water, principle of, 151 
Clocks, why go faster in winter than in som- 

mer, 60 
Clothing, when warm and when cool, S20 
Clouds, average height o^ 274 
cirrus, 276 
cumulus, 276 
how differ from fog, 273 
how formed, 274 
nimbus, 277 
stratus, 277 
variety of, 276 
what are, 1^3 

why appear red at sunset, 837 
why float in the atmosphere, 274 
Cosls, mechanical force of, 251 
Coal, equivalent to active power of man, 251 
Cogs on wheels, 101 
Cohesion defined, 25 
Cold, greatest artificial, 211 
natural, 211 
what is, 206 
Color and music, analogy between, 338 
Color, no effect on radiation of heat, 223 

origin of, 326 
Colors, complementary, 331 

dark, absorb any heat, 225 

how affect their relative appearance, 

332 
of natural objects on what depend, 

330 
Simple, what are, 329 
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CkAmnn, height of; how measured, ISl 

what is a, 121 
Compass, mariner's, 424 

ordinary, 424 

when discoyered, 420 
Gompressibility, what is, 16 
Concord in music, 196 
Condensation, what is, 238 
Conduction of heat, 216 * 

Convection of heat, 216 
Cordage, strength of, on what depends, 113 
Cork, why floats upon water, 43 
Cornea, what is the, 849 
Coulomb* s torsion balance, 383 
Coantries destitute of rain, 279 
Coughing, sound of, how produced, 904 
Cranes, what are, 105 
Crank defined, 110 
Cream, why rises mran mUk, 147 
Crying, what is, 206 
Cupping, operation and principle of, 175 
Currents, electric, how exert their influence, 

429 
Cylinders, strength of, 118 



Dagnerreotypes, how formed, 845 

Dead point enlained, 112 

Declination of needle, ^26 

Density, what is, 15 

Derrick, what is a, 105 

Dew, drcnmstanoes that influence the pro- 
duction of, 271 
does not fall, 271 

phenomena and production of, 270 
when deposited most freely, 271 

Dew-drop, why globular, 30 

Dew-point, 270 

not constant, 270 

Diamagnetic phenomena, 441 

Diamagnetism, 441 

Dioptics, 318 

Direction, Une of, 49 

Discord in music, 196 

DistiUation, 242 

Divisibility, 18 

DovetaiUng, what is, 117, 118 

Drainage, principles of, 162 

Draught of chimney, 262 

Dresses, black, optical effect of, 888 

Drops, prescription of medidne by, unsafe, 
29 

Ductility, what is, 26 

Dust, how we firee our clothes of by agita- 
tion, 20 

Dynamometer described, 89 



Ear, eonstmetion of, 201, 202 
Earth, bodies upon, why not rush together, 
30 
caustf of preflent form of, 83 
centripetal force at equator of, 83 
how proved to be in motion, 84 
the physical features of, how afBsct 

wmds, 282 
the reservoir of electricity, 876 



Earth, telenaphic eommnnicatloii through. 

Earth's attraction, law of; 32 

Ebullition, what is, 241 

Echo, conditions for the production of, 198 

what is, 197 
Echoes, when multiplied, 198 

where most frequent, 198 
Egg-shell, application of the principle of tha 

arch in, 120 
Elastic bodies, results of collision ol 68 
Elasticity defined, 22 
Eel, electrical, 391 
Electric attraction, 870 

currents, how exert their influence. 
429 ^ 

fluid non -luminous, 887 
light, 410 
repulsion, 370 
shock, 383 

spark, duration of; 888 
Electrical battery, 384 
induction, 377 
machines, 878 
Eleotridty a source of heat, 218 
atmospheric, 891 
conductors and non-condnetois 

of, 273 
Du Fay's theory of, 271 
Franklin's theory of, 271 
efiiect of on a conductor, 386 
exp^imento of Franklin with, 

frictional, distinctive character 

of, 407 
galvanic, how excited, 401 

how differs f^om ordi- 

narr, 300 
how discovered, 898 
quantity of, what is, 

408 
theory of, 402 
intensity of, what is^ 

408 
what is, 898 
bow evolves heat, 409 
how excited, 369 
how exerts a magnetic force, 431 
influence on the form of bodic*. 

376 
kinds of, 370 
magneto, 437, 438 
of vital action, 391 
positive and negative, 27t 
quantity necessary for decompo- 
sition, 412 
real character of unknown, 4(3 
secondary currents, 487 
thermo, what is, 416 
velocity of, how determined, 889 
what is, 869 

where resides in bodies, 875 
Electro-magnetism, 429 

magnets, how formed, 483 
what are, 488 
Electrometer, 881 
Electro-metallurgy, 413 
Electrophorus, 880 
Electroscope, 381 
Electrotyping, 418 
Electrodes, what are, H^ 
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ElermtloDi, bov detarmiiied Ij tiM boOliig 

point of water, 843 
EmbMikmaDta, wbj made slTODger at the 

bottom than at the top, 18S 
EndoraioM, vbat la, 148 
Bn^ne, fire, constmctioii of, 188 
^^ ateam, S61-264 
EngraTlos, how affseted Ij daefeio-iiwtia- 

EnMSktore, dirWona oL 181 

vhatiB, 181 
EQniUbiiiuii indifrereiit, 48 

law of, in all manhimw, 98 



43 
what ia, 46 
Equinoctial atorm, 291 
Evaporation, 238 

drcamafeanees Inflnendng, 8S9 
infiaenoe of temperature on, 
240 
Ezoamose, what ia, 146 
EzpanaiUUtrt what ie, 16 

iUostrationa of, 16 
Kxpanirfmi by beat, 228 

bow maanred, 238 
£70,347 

bow Judges of siae and diitamoe, 864 
bow moTed, 348 
optic axis of, 863 
atractare of in man, 848 



P 

Facade of a building, 121 

Far-sightedness, cause of, 863 

Feather attracts the earth, 82 

Fibrous substances non-condoeton of beat, 

219 
Filtration defined, 19 
Fire, what is, 209 

Fishes, structure of the body of, 164 
Flame, what is, 209 
FlezibiUty, what is, 86 
Flies, how walk upon ceilings, 176 
Floating bodies, laws of, 168 
Fluid, electric, 403 
Fluids, what are, 24 
Fly-wheel, use of, 17 
Focus, what is a, 322 
Form of bodies dependent on beat, 828 
Forcing-pump, constmetion of, 183 
Force defined, 21 

accumulation of, 87 
bitemal, 22 
magnetic, 418 
molecular, 22 
re&l nature of, 21 
Forces, great, of nature, 81 
electro-motive, 401 
Fountains, ornamental, prlndple of con- 
struction of, 136 
FricUon, 112 

advantages ot 113 
how diminished, 113 
kinds of, 118 
roUing, 112 
aUding, 118 



Friotloo, beat prodooed by, 814 

Fzeeaing mixtures, oomvoAtiffii 01, 846 

Frieae in architecture, 121 

Frost, origin of, 273 

Fuel, what is, 866 

Fnlcrom defined, 93 

Fors, why used for clothing, 819 

Fnmaoes,bot-alr, 864 

bow ooDBtraeted, 865 



Galvaniiim, 898 

Galvanio action, bow increased, 403 

battery, 401 ^^ 

heating effiecta of, 408 
phvsiologiGal efEocts oi; 

Galvanometer, 430 

Gamut, the, 196 

Gas, how differs from a liquid, 29 

what is, 23 
Gases, how expand by beat, 238 

specific gravity, bow determined, 41 
Gaseons bodies, properties o^ 23 
Gasometers, construction of^ 179 
Gears, in wheel work, 101 
Glass, opera, 366 
Glasses, sun, 209 
Glottis, what is the, 308 
Glue, why adhesive, 26 
Grain wdght, origin of; 34 

bearing plants, constmetion of uia 
stems of, 118 
Gravitation, attraction of; ^ow varies, 80 
defined, 80 
terrestrial, 38 
Gravity, action of; on a falling body, 65 
oenter of, 45 
specific, 87 
Green wood, unprofitable to bam, 866 
Grindstones, how broken by centrifbgal 

fi>roe, 80 
Guage, barometer, 869 
steam, 289 
rain, 277 
Gun, essential properties of, 76 
Gunpowder, effeettve limit of the foioe of; 
77 
force of 76 
Gargle of a bottle expbdned, 180 



Han, what is, 280 

storms, where most fi^eqoent, 281 
stones, formation of, 881 
Halos, what are, 336 
Hardness, what is, 26 
Hearing, condilionR for distinctness fai, 800 

range of human, 803 
Heat, 206 

how diffuses itself, 206 

how miiasured, 206 • 

distinguishing characteristic of, 206 

nature of, 207 

theory of, 207, 208 

and light, relations between, 808 

deveid of weight, 800 
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Heat, aooTCM of, 200 

infloeaoB eztendB how &r into fhe 

earth, 211 

of chemical actton, 212 

greatest artificial, 212 

deriyed from mechanical actton, 213 

latent, 21S 

eeneible, 213 

of Tital action, 214 

of friction, 214 

eondnctors and non-condacton ot, 216 

radiation of, 216 

oommonication of, 216 

oondacting power of bodies, how di- 
minished, 218 

good radiators of, 222 

how propagated, 223 

Telocity of, 223 

how reflected, 224 

rays of, what is meant by, 824 

absorption of; 225 

expansion by, 228 

how transmitted through different 
substances, 226 

effects of, 227 

solar, compound nature of, 227 

force of expanidon of, 829 

expansion of; practical illustrations 
of, 229 

latent, when rendered sensible, 246 

capacity for, 247 

quantity o^ different in all bodies, 247 

specific, 247 
Helix, construction of, 432 
Horse power defined, 88 
Houses, haunted, exphination of, 200 
Humidity, absolute and reUtive, 268 
Hurricane, what is a, 286 
Hurricanes, where most frequent, 285 
space traversed by, 2B6 
▼elodty of; 286 
Hydraulics, 148 

Hydraulic engines, cause of tiielosa of power 
in, 158, 159 
ram, construction of; 161, 162 
Hydrometer, what is a, 141 

uses of, 141 
Hydrostatics, 123 

Hydrostatic press, construction of, 126, 127 
Hydro-extractor, 80 
Hygrometer, how constructed, 269 



Ice, origin of bubbles in, 232 

heat in, 206 
Images, when distorted in mirrors, 803 
Impenetrability, 12 

illustrations of, 13 
Incidence, angle of, 71 
Inclined plane described, 105 

advantage gained by, 106 
Induction, magnetic, 421 
Inelastic bodies, results of collision of, 69 
Inertia, what is, 16 

examples of, 17 
Inkstand, pneumatic, 179 
Insects, how produce sound, 206 
Insulation, 374 
Intensity in electricity, what is, 408 



Iron, galvanised, what Is, 415 
how made hot, 206 

how rendered magnetic by tndaetion, 
421 , -, 

ships, prineiple of flotation of; 140 
soft, how magnetised, 421 
why stronger than wood, 29 



Kaleldofloope, eonstmctton of; 301 
Key-note, what is, 201 



Lakes, salt, origin of, 124 
Lamp-wick, how raises oil, 145 
Lantern, magic, what is, 367 
Larynx, description of, 2(3 
Laughing, what is, 205 
Law, physical, definition of a, 10 
Lens, achromatic, 328 
axis of, 321 
defined, 319 
focal distance of, 321 
Lenses, varieties of, 819 
Level, spirit, construction of, 137 

wliat is a, 53 
Lever, law of equilibrium of the, 94 
Levers, arms of, 93 

compound, 96 

disadvantages of, 97 
kinds of, 93 
what are, 93 
Leydenjar, 882 
Light, absorption of; 800 
analysis of, 325 
chief sources of, 294 
corpuscular theory of, 293 
divei^ence of rays o^ 296 
electric, 410 
good reflectors of, 301 
how analysed, 326 
how propagated, 295 
how refracted by the atmorahere, 

314 
intensity of, how varies, 297 
interference of, S39 
moves in straight lines, 296 
polarised, 341 
polarization of, 842 
ray of, what is, 295 
refraction of, 812 
same quantity not reflected at all 

angles, 805 
three principles contained in, 844 
nndulatory theory of, 298 
velocity of, 298 

how calculated, 290 
vibrations of, 339 
waves of, 339 
what is, 292 

when totally reflected, 316 
white, composition of, 326 
lightidng, identity of with electricity, 892 
mechanical effects of, 396 
rods, how constructed, 894 
space protected by, 395 
when dangecoosp 896 
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Lightning, Tmrletletot 898 

whatia,8M 
Llot, Tertioal, 63 
Llqaefactioii, whftt is, 287 
liquid ftt rest, ooodiUon of fhe tarfaM of a, 
133 
preMore of a oolnmn of; 1S8 
what is a, 28 
Lignida, boiling point how changed, 243 
flowing from a resenroir, 149 
have no particular form, 23 
heat conducting power of, 217 
how cooled, 22V 

moTe upon each other without Mo- 
tion, lU 
preamre o(; 126 

lUuatrated, 126 
why some fh>tli, 180 
specific grayity how found, 89 
spheroidal state of, 240 
to what extent enanded hy heat, 

229 
transmit pressure in all directions, 

125 
when do they wet a sur&ce, 80 
Loadstone, what is a, 416, 417 
Locks, canal, how operated, 187 
Looomotive, efficacy depends on what, 29 
Looking-glaBses, how formed, 803 



Machine, what Is a, 90 
MaoUnes diminish force, 90 

do not produce power, 90 

how make additions to human 

power, 91 
how produce economy of time, 94 
motion in, takes place wli^i, 92 
simple, 98 
Maehinery, elements of; 93 

general advantage of; 93 
magnetic, 438 

when caught on a center, 113 
Magdeburg hemispheres, 177 
Magnet, rotation of a, 431 

when trayerses, 419 
Magnets, artificial, 418 
horse-shoe, ^0 
native, 417 

power of artificial, 423 
what are poles of, 418 
Magnetic induction, ^1 
meridian, 426 
phenomena, how accounted for, 

428 
polarity, 419 

power of a body, where resides, 
421 
Magnetism, 417 

animal, what is, 418 
electro, 429 

how excited by electridtr, 483 
how induced by the earth, 422 
why not available for propel- 
ling force, 433 
Magneto-electric machines, 438 
Magnifying glasses, 324 
Magnitude, 12 

center of; 46 



Malleability, what is, 28 

examples of, 26 

Man, how exerts bis greatest strength, 88 
estimated strength of, 88 

Mariotte's laws, what are, 166, 167 

Matter, cause of changes in, 21 
definition of, 11 
essential properties of, 13 
indestructible, 18 
not infinitely divisible, 13 
smallest quantity visible to the eye. 

Materials, strength of, 116 

upon what depend, 
116 
Matting, how protects ol^e<^ finom frosty 

272 
Mechanical powers, 98 
Meniscus, 820 
Meridian, magnetic, 426 

of the earth defined, 36 
Metals, union of, how affects durability, 416 
Meteors, how differ ftom shooting stars, 289 
Meteorites, what are, 288 
Meteoric bodies, supposed origin of; 289 

phenomena, 288 
Meteorology, 266 
Microscope, compound, 861 
solar, 368 
what is a, 860 
Microscopes, varieties of; 361 
Milk, whv cream rises upon, 147 
Mirage, 316 
Mirror, plane, how reflects light, 808 

what is a, 802 
Mirrors, burning, 308 
concave, 308 
convex, 311 
parallel, effect of; 806 
varieties of, 302 
Mississippi, does it flow up hill, 163 

quantity of water in, 168 
Mists and fogs, how occasioned, 278 
Moisture in air, how determined, 209 
Molecule defined, 14 
Momentum, how calculated, 66 
what is, 64 
illustrations of; 64 
Monsoons, theory of, 283 
what are, 283 
Moon, influence of on weather, 291 
Motion, absolute and relative, 62 

accelerated and retarded, 63 
apparent, affected by distance, 869 
circular, illustrations of, 78 
compound, 72 

illustrations, 73 
imparted to a body not instantane- 
ously, 66 
perpetual, in machinery, not possi- 

perpetual, in nature, 91 

example of; 91 
reflected, what is, 71 
reversion of by belting, 101 
rotary, 111 
rectiUnear, 111 
simple, illustrations of, 73 
uniform and variable, 68 
what is, 62 
when impereeptible to the eye, 869 
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Mortise, what is a, 118 

MoantainSf height of, how determined hy 

the barometer, 173 
Movements, ribratory, nature of, 188 
Mud, why flies from wheel of carriage, 79 
Muscular energy, how ezdted, 87 
Music, scale in, 196 

notes in, how indicated, 196 
Musical sounds, 194 

N 

Natural Philosophy, definition of, 
Near-slghtedneas, cause of, 862 
Needle, magnetic, 423 

dipping, 425 

diurnal variation of; 428 

magnetic, directive power of^ bow 
explained, 426 

variations, cause of, 428 
Notes, musical, when in unison, 196 
in music, how indicated, 196 



Ocean, depth of, 123 

extent of, 123 
Octave in music, 196 
Oersted^s discovery, 429 
OOs, how diminish friction, 112 
Opaque bodies, 294 
Optical instruments, 860 
Optics, medium in, 312 

science of, 292 



Paddles of a steamboat, when most effect- 
ive, 164 
Pftper, blotting, why absorbs ink, 14T 
Parabola defined, 74 
Paradox, hydrostatic, 126 
Pendolum, center of oscillation of a, 69 

compensating, 60 

described, 36 

influence of length on vibration 
of, 69 

length of a, seconds, 61 

times of vibration of, 68 

compared, 68 

used as a standard for measure, 
61 
Perspective, what is, 386 
Photometers, construction of^ 298 
Physics, definition of, 10 
Pilaster, what is a, 121 
Pile, in architecture, 120 

Zamboni's, explained, 404 
Piles, voltaic, 404 
Pipes, rapidity of water discharged from, 160 

water, requisite strength of, 134 
Pisa, leaning tower of, 49 
Pitch, or tone, 196 
Plants, vital action of, 216 
Platform scales, 98 
PliabUity, what is, 26 
Plumb-lme, 68 
Pneumatics, 163 
Polarity, magnetic, 410 



Poles, magnetic, where situated, 426 

of gulvHuic battery, what are, 402 

Pop-gun, operatiou of, 107 

Pores, defiued, 14 

evideuce of the existence of, 16 

Porosity defined, 14 

Porter, why froths, 180 

Portico, what is a, 121 

Power, agents of in nature, 87 

and resistance defined, 63 

and weight in machinery defined, 92 

expended in work, how ascertained, 

mechanical effect of, how estimated, 

92 
moving, effect of, how expressed, 89 
space and time, how exchanged for, 
92 
Press, hydrostatic 127 
Prism defined, 318 
Projectile, what is, 74 
Projectiles, hkws of, 74 

range of, 76 
Propellers, advantage over paddle-wheels, 

oonstmction of, 166 
Pugilists, blows of, when most severe, 69 
PuUey defined, 102 

kinds of, 102 

fixed, described, 102 

movable, 103 
Pulleys, advantage of, 104 
Pump, air, 177 

chahi,160 

common suction,181 

when invented, 160 

forcing, construction of^ 188 

Vera's, 146 
Pyrometers, 233 



Quantity in electricity, what is, 408 



Badiation of heat proceeds from all bodies, 

223 
Bain, what is, 277 

why falls in drops, 277 
formation of, on what depends, 277 
guage, 277 

yearly estimated quantity of, 279 
where most abundant, 278 
Rain-bow, what is a, 333 
when seen, 336 
why semicircular, 336 
Ram, hydraulic, construction and operation 

of, 161, 162 
Range in gunnery, 75 

greatest, when attained, 75 
Rays of heat, what meant by, 224 
Reflection, angle of, 71 
Reflectors of heat, best, 225 
Refraction, index of, 316 
double, 340 

how accounted for, 317 
Refrigerators, construction of, 221 
Regulators of steam-engines, 266 
Repulsion, what is, 22 
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Bepoldmi, asd attrMttoa, magnetifl, 419 

Retina of the eye, 343 

RiooclU't firing, 77 

Biile, Miaitf, conBtnietion of, 77 
how lighted, 78 

BiTen, why rarely Ktraigfat, 86 
Telocity oC, 162 
water dibcharge of, 163 

Boads, inclinatiou of, how estimated, 106 
how should be made, 106 

RodB, discharging, 380 

Boom, how best ventilated, 864 

Booms for speaking, how oonatnictod, 801 

Bope-daooiiig, art of, 62 



Safea, fire-proof, how conatrttcted,881 
Sandstones, why ill adapted for ardiiteetiml 

parposea,183 
Baw-dost, utility of in preaenrlng ioe, 890 
Scales, hay and platform described, 96 
Scarfing and interlocking 117 
Scissors, a rariety of lever, 94 
Screw, advantage gained by, 109 

applications of, 109 

defined, 103 

endless, 110 

Hanter*s, 110 

nut of, 106 

of Archimedes, 169 

thread of, 109 
Screw-Propeller, what is a, 155 
Sea, proximity to, niit^tes cold, 868 
Shadow, what is a, 896 
Shadows, how increase and diminish, 89T 
Shell, sea, cause of the sound heard in, 199 
Ships, copper sheathing of, how protected, 

' iron, why fioat, 140 
Shooting-stars, how accounted fiir, 890 
Short-sightedness, cause of, 368 
Shot, how manufactured, ^ 
Silver, adulteration of, how detected, 43 
Simmering, what is, 841 
Skull, human, combines the principle of the 

arch, 180 
Smoke, why rises in the air, 43 

why ascends in chimney, 861 
rings, origin of, 187 
Sneezing^ what is, 805 
Snow crystals, 280 

flake, composition o^ 880 
how formed, 880 
line of perpetual, 848 
protective influence of against cold, 880 
what is, 280 
Soft, when is a body, 86 
Solar microscope, 368 
Solid, what is a, 83 
Solids, why easily lifted in water, 139 

specific gravity, how determined, 39 
Solution, what is a, 23T 

how differs ft^m a mixture, 837 
when saturated, 237 
Sound, conductors of, 192 

how decreases in intensity, 192 
how propagated, 100 
interference of waves of, 194 
loudness of, on what depends, 194 



Sound, reflection of, 19T 
velocity ot 193 
what is, 188 
when communicated most readily, 

191 
when inaudible, 190 
Soands, musical, 194 

not heard alike by all, 203 
seem louder by Mgbt than by day, 
191 
Spark, electric, 388 
Speaking, rooms suitable for, 801 
Specific gravity, 37 

how dLioovered, 44 
how found, 38 
standard for estimating, 38 
practical applications of, 44 
Spectacles, what are, 860 
Spectrum, solar, 386 
Springs, intermitting, 185 

origin of, 186 
Spy-glass, what is, 364 
Stability of bodies, depends on what, 48 
Stairs are incliaed pla^ies, 107 
Stars, shooting, 289 

height of, 889 
Sted, how tempered, 27 

how magnetized, 421 
Steel-yard described, 97 
Steam, advantages of heatii% by, 865 
elastie force of, 849 
superheated, 260 
high pressure, 260 
formed at all temperatures, 839 
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_iow rendered useful, 268 
pressure of, how indicated, 260 
true, invisible, 288 
when used expansively, 266 
Steam-boilers, cause of explosion of, 256 
whistle, 260 
engine, what is, 261 

condensing, 853 
construction of, 253 
high pressure, 254 
regulators of, 265 
greatest amount of work per- 
formed by, 261 
Stethoscope, construction of, 198 
StlU, construction of, 248 
Structure, influence of the parts on the 

strength of a, 117 
Stone for architectural purposes, how se- 
lected, 128 
Stool, insulating, 880 
Stove, why snaps when heated, 830 
Stoves, how dififer Arom open fire-place, 863 
disadvantages of, 264 
why placed near the fioor, 861 
Sublimation, what is, 243 
Sucker, the common, 176 
Suction, what Is, 169 
Sugar, how refined, 243 

how absorbs water, 146 
Sun does not really rise and set, 84 
heat of, why greatest at noon, 910 
the greatest natural source of heat, 809 
nature of the surface of, 210 
Surface defined, 18 

spherical, definition of a, 183 
Syphon, what is a, IM 
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Syphon, aeiion of, 184 
Syringe, principle of, 176 



Tackle and fall, what is a, 106 
Telegraph, atmospheric, ISl 
Bain's, 486 
chemical, 436 
Honse's, 436 
Morse's magnetic, 434 
printing, 486 
Telegraphic method, the first proposed, 436 

wires, insulation of, iOQ 
Telescope, equatorial, S63 
reflecting, 365 
refracting, 363 
what is a, 363 
Temperature, average, how found, 267 

greatest natural ever ohsery^ 

ed, 210 
in winter and summer, differ- 
ence between, 210 
meaning of, 206 
▼aries with latitude, 267 
Tenacity, what is, 26 
Theory, physical, definition of a, 10 
Thermometer, 233 

how graduated, 234 
centigrade, 286 
mercurial, described, 234 
Reaumur, described, 236 
Thermometer-air, described, 236 
Thermo-electricity, what is, 416 
Thunder, cause of, 393 

storms, where most prevail, 394 
Tides, origin of, 32 

Toes, advantage of turning out tn walk- 
ing, 50 
Tone in sound, 196 
Tongueing, what is, 117 
Tornadoes, how produced, 287 

what are, 287 
Torpedo, electrical effects of, 891 
TorriceUi's invention, 169, ITO 
Trade winds, cause of, 283 

direction of, 283 
Transparent bodies, 294 
Troy weight, 34 
Trumpet, ear, what is an, 200 

speaking, construction of, 199 
Tubes, capillary, height to which water 

rises in, 143 
Twilight, 314 
Twinkling, what is, 338 
Tympanum of the ear, 202 



Vacuum, what is a, 168 
Valve, definition of, 182 

safety, 268 
Variation, lines of, 426 
Vapor, always present in air, 239 

appearance of, 238 
Vapors, elasticity of, 248 

formed at all temperatores, 238 
Vault, what is a, 120 
Velocity defined, 63 



Velocity of moving body, how determined, 

63 
Vena cnntracta, what is the, 160 
Ventilation, what is, 260 

when perfect, 260 
Vessels of liquid, pressure upon the bot- 
tom of, 131 
Vibrations of sound, nature of, 188, 189 
Views, dissolving, 368 
Vision, angle of, 364 

deceptions of, 367 
double, how produced, 354 
phenomena of, 347 
Vital action, 214 
Voice, compass of, 200 

how produced, 203 
organs of, 201 
Voltaic piles, 404 
Volume defined, 12 



W 

Walls, how deafened, 192 
Warming and ventilation, 960 
Warp and woof, 117 
Watch, how differs from a dock, 59 
Water as a motive power, 165 
boUed, why flat, 180 
boiling, temperature of, 241 
composition of, 123 
compressibility of, 124 
decomposition of, 412 
elasticity of, 124 
expands in freezing, 231 
force of expansion of in freezing, 283 
freezing temperature of, 232 
greatest capacity of all bodies for 

heat, 248 
how high rises in a pump, 182 
how made hot, 221 
illustrations of the pressure of, 130 
imparts no additional heat after boil- 
ing, 244 
inclination sufficient to give motion 

to, 162 
level, 136 
power defined, 88 
pressure at different depths, 131 

how calculated, 132 
sound of falling, how produced, 204 
spouts, what are, 287 
supply of towns, 134 
to what de^ee can be heated, 249 
velocity of m pipes, how retarded, 151 
when has its greatest density, 231 
why rises by suction, 169 
why rises in a pump, 182 
Waters, comparative purity of, 128 
Wave, a form, not a thing, 163 
Waves, height of, 163 

optical delusions of, 163 
origin of, 163 
of sound, 190 
Weather, popular opinions concerning, 291 
Wedge, what is a, 106 

when used in the arts, 107 
how the power of increases, 107 
Weight, absolute, what is, 38 

how determined by spe- 
cific firravity. 42 
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Wdgfat, iKnr Tftries, 89 

of a body, irhen gieatMt, 89 
Weight! and measarea, standards of, 34 

Fren 'h system of, described, 38 

United States standard of, 86 
Welding described, 99 
Well-sweep, old fashioned, 169 
WeUfl, Arteirian, oonstructioD of^ 135 

origin of water in, 136 
Wet clothes, why ii^urions, 948 
Wheel and axle, action, of 99 
•pinning, 101 

tonrbine, adyantaget of, 168 
work, compound, familiar 

tions of, 101 
Whedf, breast, oonctmction of, 167 

oog, 101 

OTershot, 16T 

tonrbine, 168 

andershot, 166 

paddle, power lost ^Ti IM 
Whirt winds, how produeed, MT 
WUsae, steam, 969 



Winch, what is a, 99 

Wind, principal cause of, 981 

what is, 2S1 
Wind-pipe, what is the, 908 
Windlass described, 100 
Winds, force of, how calculated, 989 
of United States, 285 
trade, 283 

▼ariable, where preyaH, 984 
Telocity of; 281 
Wood, a iMid conductor of heat, 918 

comparatiTe value of for fiid, 96 

hard, why difficult to igidte, 966 

made wet, why twellB, 148 

snapping of, 19 

water in, 966 

weight of, 966 
Woods, when hard and when soft, 965 
Wolens, why used for clothing, 919 
Woof of (doth, IIT 
Work of different forces, standard of « 



paring, 
Working 



oridng-point in machinery, 99 
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the best literary institutions in the United States, and has also 
been reprinted in England, where it has an extended sale. 



n. A KEY TO THE EXERCISES IN FASQUELLE'S 
FRENCH COURSE. 

Priee^ 75 cenfa. 



m. FASQUELLFS COLLOQUIAL FRENCH READER. 

S60 Page*. Xhtodedmo. Price, 76 oente. 

Containing Interesting Narratives from the best French 
writers, for translation into English, accompanied by Conver- 
sational Exercises. With Grammatical References to Fasquelle's 
New French Method ; explanation of the most diflScult passages, 
and a copious Vocabulary. 



IV. FASQUELLE'S TfiL^MAQUE. 

12mo. Price, 75 cento. 

Les Aventures de Tel6maque. Par M. Pension. A New 
Edition, with notes. The Text carefully prepared from the 
most approved French Editions. 

The splendid prodaction of FenMon is here presented in a beautlfal mechantcftl 
dretis, with copious references to Fasquelle's Orammar, fall notes explanatory of diffl- 
calties in the text, and a full vocabulary. 



V. NAPOLEON. BY ALEXANDER DTJMAS. 

Price, 75 eenU, 

Arranged for the use of Colleges and Schools ; with Conver- 
sational Exercises on the plan of Fasquelle's Colloquial French 
Reader, Explanatory Notes, and Idiomatical and Grammatical 
References to the ^ New French Method." Bj Louis FAsquBLLSy 
LLD. 
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VL FASQUELLFS CHEFS D'CEUVRE DE RACINE. 

882 Pages, 12-mo. Price, 75 cents. 

For Colleges and Schools. With Explanatory Notes and 
Grammatical References to the " New French Method." 

This Edition contains five of Racine's best plays : Les Plai- 
DEURS, Andromaque, Iphigenie, EaiTHER, and Athalib. The 
Notes will be found, in all the plays, sufficiently full, without 
being diffuse'; in Les Plaideurs, the only comedy written by 
Racine, the explanations, however, are much fuller than the 
others. 



Vn.FASQUELLE'S INTRODUCTORY FRENCH COURSE. 

ISmo. Price, 66 eenU. 

A new work, on the plan of the larger " Course," adapted 

to Beginners. 

♦ 

Vin. FASQTJELLE'S MANUAL OF FRENCH CONVER- 
SATION. 

12mo. Price, 75 cents, 

A Complete Manual of Conversation, Idioms, etc., with refer- 
ences to Fasquelle's Course. 



Testimonials of Teachers and Professors. 

Fasquelle's French Series has been recommended by State 
Superintendents and Boards of Education, by hundreds of 
distinguished Professors and Teachers, whose testimonials 
would fill a volume. The following are specimens : 

Joseph Wm. Jenks, Professor of Languages in the University 

of UrbftDa, O., says:— ^ I have tauj^ht many classes in the French language, and do 
not hesitate to saf, that ' Fasquelle^s French Course^ is superior to any other French 
Grammar I have met with, /or teaching French to those whose mother-tongue Is 
English. It combines, in an arlmirable manner, the excellences of the old, or dassioi 
and the new, or OUendorffian methods, avoiding the faults of both." 

Messrs. Guillaume H. Talbot, T. A. Pelletier, E. H. Vian, 

H. Skst, and N. B. Dk Montraroiit, well known to the commnnitv as among the 
most eminent teachers in BOSTON, unite in a testimonial in which they "heartily 
and unanimously testify, that the work is held in high esteem and approbation among 
na, and that we consider it the very best heretofore published on the subject of whiob 
It treats. For the true interest of all engaged In the study of the spoken Freneh, w« 
frould adriae its universal adoption." 
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Messieurs M asset and Yilleplait, Professors of the French 

Languaffe in New York, write ;— ** We oonsider * Faaciuelle's Freneli Coarse' a vain- 
able and appropriate addition to the different grammars of the French Language. 
The arrangement adopted is sjstematlo, and so slmplifled as greatly to fitcUitate the 
progress of the student.'^ 

Prof. Alphonse Brunner, of Cincinnati, says : — ^ Having 

been a teacher of mj vemaoalar tongue— the French— for ten years, in my opinion, ft 
is the best book yet prepared. I recommend it as superior to the old theoretical 
grammars." 

Prof. J. B. ToRRiCELLi, of Dartmouth College, writes : — " I 

take pleasure in recommending to the teacher as well as to ^e private student, 
* Fasqnelle's New Method,' as the best yet published. Its adoption In our Colleges 
and Seminaries has given entire satislhetion. Mr. Fasquelle deserves the thanks tcf 
all lovers of the French hmguage.** 

Rev. Charles Collins, D.D., President of Dickinson College, 

Pa. : — ^^We have introduced Fasquelle's French Series with very decided approbation.** 

Prof. Everett, of Bowdoin College, Me.: — "Fasquelle's 

French Course is decidedly the best grammar ever published." 

Edward North, A.M., Professor of Languages, Hamilton 

College, N. Y. ^— ** Fasquelle's French Coarse I continue to use, and to like. It is 
worthy of its immense popularity.** 

Kev. George B. Jewett, late Professor of Modem Lan- 
guages, Amherst College:— "I have examined Fasquelle's French Series with much 
pleasure and satisfaction. They fomo an admirable series." 

Prof. Charles Gobelle, Professor of Modem Languages, 

Newburv Female Collegiate Institute, Vl :— " I have been using Fasquelle^ French 
Course auring the past two years in ope of the best schools in New England. It la 
the «ery beat book I know of for instruction in the French language." 

Prof. T. Peyre-Ferry, Teacher of French in the New Jersey 

Normal School, Trenton :— ** Fasquelle's Course is the best work ever published of the 
kind. It enables the pupil to acquire a practical knowledge of the French language.** 

Rev. G. W. QuEREAu, A.M., Principal of Conference Semi- 
nary, Greenwich, S. I. :— ** Fa8quelle*s Course is our standard text-book in French. 
We use it because we think it best. I speak with some confidence, and am satisfied 
that it is decidedly superior to any other book of the kind."* 

James B. Anoell, A.M., Professor of Modem Languages in 

Brown University, writes :— ** I gladly testify to the excellence of Fasquelle^s French 
Course, which I have used in my classes for three years.** 

P. N. Legendre, Professor of French, New Haven, Ct., 

says :—^ Never has a work come under my notice, that blends so happily and har- 
moniously the great rival elements of the language. My pupils study it with pleasure.** 

E. J. P. WoHRANGB, Professor of Modern Languages in the 

N. Y. Central College, writes :—*** Fasqnelle^s Course* is at the same time original 
and complete in itself, superseding all systems now in use.** 

The i^. Y, Daily Times says : — " Prof. F. is somewhat of 

an enthusiast as to his method of teaching, and being blessed with as much sense as 
experience, makes a better arranged text-book, and grades the difficulties more hap 
pily than any other modern teacher.** 

The Philadelphia Daily N'ews speaks of the " Napoleon," as 

" a very concise and interesting French history which, edited at it is by Prof. Fas- 
quelle, can not fail to prove a very popular school-book. The narrative is in Dumas* 
most brilliant and attractive style.** 

The iV^. F. Independent says of the " Napoleon" : — " It com- 
bines the advantages of a stirring biography to invite the student, a good French 
style and grammatical and critleid exercises and annotationa** 
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